
f")

GROUND
NORTHERN

f,;*$

{q
\- ,\ib

b&ry
Eifr
ffi
#
u&.%
ffi

@'F
Elq{

ffi
&

€q
k%
ffi

*
.:'

t.|,.

:&,
-.- t.

rr:1:ja_::::::-: : : :

, -, * - , 9g.:-'-, .r, ,

V. P. Newton,qp.d.!. A.,-_-SiUdyf a
and

ftOewaiers'ff'onat Office'': ,,., 
,l ', .,, 

-,,
COMMONWEATTH OF VI RGINIA

STATE WATER CONTROL BOARD
BUREAU OF WATER CONTROL MANAGEMENT

,, _.: ..r :t ....: ,, 
,: : ,:,,:..

,i.'
Richmpnd, Virginia

Planning guiletin SOZ

r;

*





/

Chapter I.

Chapter I I.

Chapter Iii.

IABLE OF CONTTNTS

LIST OF PLATES

LIST OF TABLIS

ACKNOI.ILTDGE}4TNTS

EXECUTIVE SUMMARY

INTRODUCTION

General Location and Background

Purpose and Scope

Methods of Invest'iga ti on

Previous Investigations

l,later IlIel I Nuinbering SYstem

PHYSICAL SETTING

Study Area Description

Phys i ography

Cl imate

Hydrol ogy

Soils

Existing Patterns cf Land Use

HY DROGEOLOGY

ueor0glc )eErlng

Historic SkEtch

(tnrfinv.rnh
'v' *""J

Groundvtater Ava j I abi'l i tY

Principal Art,esian Aquifer

llnnor Ar.f pc'ian AqUi fefv|,irvI

rdater Tabl e ,{qu i ier
[]evat'ion of Lquifers

Ptge

vi

oi. i

viii
xi

n.?

6

1

tll

l1

1Ata

t4

r5

11
tl

17

ttI



Chapter IV.

Chapter V.

Chapter VI.

Chapter VII.

TABLE 0F C0NTENTS (Continued)

GR0Ull DI,jATER HY0R0L0GY

Transmissibil ity Va1 ues

Groundwater Movement

Principal Artesian Aquifer

Upper Artesian Aqu'ifer

GROUNDI,IATER QUALITY

General Groundwater Qual ity
Pri nci pa'l Artes i an Aqu i fer

Upper Artes'ian Aqu'ifer

ljater Table A.quifer

GROUNOI^JATER DEVELOPI'1TNT AND POTTNTIAL

Groundwa ter Devel opment

Private Domestic Suppl ies

Publjc Supplies

Industrial Suppi i'es

Groundwater Potential

Prob'lems and Limitations

Levels Decl ine

Qual ity Problems

CONCLUS iONS AND RTCOI,]I'IENOATIONS

Conclusjons

Reconmendati ons

Page

21

22

27

30

30

F:.-€-*.:

Jt)

36

42

42

4?

42

42

43

43

4<

43

43

a

46

46

11/



Pl ate No.

't
I

?

5

nt

Page..

2

q

il
t9

?a

25

LIST OF PLATES

General Location

Basement Surface

Hydrol og'i c and Li thol og i c Fence Di agram

Contour l'lap of the Top of the
Principal Artesian Aquifer

Contour l,lap of the Top of the
Upper Artesian Aquifer

Graphs Used in Estimating Transmissi-
bi'l'ities from Selected Specific
Capaci ty Data

Levels - approximately .l900 -
Principal Artesian Aquifer

Levels - .l970-.l977 
-

Pri nc'ipa1 Artes i an Aqui fer

Levels - approximately 1900-
Upper Artesian Aquifer

Levels - .]970-.l977 
-

Upper Artesian Aquifer

0bservation r;lel 1 Hydrographs

Chlorjde Ccntent of the Principal
Artesian Aquifer

Sod'ium Content of the Principal
Artesian Aquifer

Fluoride r/alues, Principal Artesian
Aqui fer

Proposed Research Stations

?'l

22

33

t0 34

?q

<l

<X

?q

il
12

t<

t4

t5

Vr'



TABLE 0F CONTENTS (Continued)

Page

APPENDIX A A1

Sunxnary of i{ater tr{el I Data
for the Northern Neck

APPENDIX B B1

Summary of l,'lell Potential Data
for the llorthern Neck

APPENDIX C -T.L--"

Groundwater Qual ity Data

D1APPENDIX D

Graphs of Transnjssibi'l'itY

EIAPPENDIX E

Metric Conversions

APPENDIX F F'I

Geophysical Cross Section

GLOSSARY

REFEREI{CES



Table Nb.

'l
I

?

A+

Page ;

I

f

10

'lA

23
*r--rG-*-,

?B

40

LIST OF TABLES

Popui ati ons

Land and l{ater Areas

Stratigraphjc Units

Characteristjcs of Aquifers
'in the l{orthern Neck

Summat'ion of Aquifer Test

Estimated Transml ss ib'i'l ity
of Sel ected l'lel I s

Surnmary of Ana'lyses of Groundwater

v] 'r



ACKNOIdLEDGEMENTS 
;

The Tidewater Regional 0ffice of the State Water Control Board
would like to express gratitude to the citizens of Lancaster, North-
umberl and , R'ichmond, and l,Iestmorel and Counti es who f urn'ished i nfor-
mation on their wells and who permitted water quality samples to be
taken from them. Douglas and Dickinson Drillirrg Company, the
Virginia 0ivision of Mineral Resources and the United States Geo-
iogical Survey suppl ied va1uable information on wel'l constructjon
characteristics and hydroiogic data.

This report was prepared by V. P. Newton, Geologist with the
Tidewater Regional 0ffice, with the able assistance of E. A. S'iudyla,_
Senior Geologjst of the Tidewater Regional Office, as well d's-ID:*I,l.
Hawthorn, Technician.

\/1-t !



POOR
QUALITY

ORTGTNAL(S) FOLLOW

THIS IS TIIE BEST COPY
AVAILABLE

VCE
DOCUMENT

CONVERSION





Executive SumtarY

The purpose of th'is report is to consolidate all currently avail-
aUle diti rbgarding the grbundwater cond'it'ions of the Northern 

'Neck

Peninsula of-Virginia. iire Northern Neck, which includes the counties
of Lancas ter n Northumberl and, Ri chmond and lalestmore'land , depends en -
tirely upon groundvtater as thejr oniy developed source for both in-, \
dustrjal and potable water supply. The total groundwater ryithdrawals
approximate two miltion ga11oh! ier day (2 mgd-or 7.6 X tO6 L/day)
and demand is dividednearlyevenly between domestic and industria'l
uses .

Geologic factors closely control the occurrence, djstribution and
quaiity oi groundwater. In the Northern Neck, the geology is dominated
by the Coastal Plain sediments which may be as thick as 3'5Q0-leel. -
(Plate 2). llithin this th'ickness are the three maior aqu'ifer systems
in wh'ich the groundwater supply of .the l'lorthern Neck occurs: the i^later
Table system,-the Upper Artes'ian aqu'ifer systern and the Princ'ipa'l
Artes'ian aqu i f er sys tem.

Very l jttle data exists concerning the rrlater Table aquifer system
which provides many private dr.rell ings with potab'le water. Due to
seasonal level fluctuations jt js not a tgtally reliable source.

' The Upper Artesian aquifer system has a fajrly consistent thjckness
of about 60 feet and varies from 200 feet below sea ievel in the western
porticns of the Study Area to 375 feet below sea level jn fhe eastern
portions (Plate 5). 

- It has a 'low to npderate well yield potential (20
gpm (75.7 L/min) to t10 gpm (416.a L/m'in)) and produces yrater of a

moderately soft type.

The Principal Artesian aquifer system has a relatively'large well
yield potentiai (40 gpm (.l5.l.'4 L/min) io 340 gpm (3.l79.4 L/rttn)), and

varies from 300 feet below sea level in the western thjrd of the Study
Area to nearly 600 feet belour sea level in Lancaster County (Plate 4).
The water is generaliy of a soft sorl'ium bicarbonate type. in the south-
eas ternmost ti p of ilorthumberl and County the chl or j cie val ues are
sl ightly h'igher than normal (P'late j2 and Table 7). The sodium content
of lhe sroundwater in the eastern zone of the Prjncipal Artesian aquifer
system 6as been found to be greater ihan 200 ppm. Thjs h'iqh sodium con-
tent in drinking wateris consjclereci detrin:ental lvhen used on a ciaiiy
routine basis by Lhose people 0n a moderaiely restricteci sodium djet.
The characteristjc of a high ratjo of total djssol'red solids to hardness
in this aquifer is in contrast to a lower rat'io for the saine parameters
in tho llnnar Artocian ennifprv.,e vH|?e

Al thougn approxinate'ly g8;l of the total groundwaier w'ithdravrals 'in
the i\orthein lleck are from the Principa] Artesian aquifer systemo it
has not thus far been noticeab'ly overdeveloped. The needs of the area
ihrough ihe year 2020 under current and proiected rates of.utilizat'ion
shoul I aCequitely be met ,.,^rhen considering the l.lS-9 potential for ground-
water dei,el'opnrenl. In order to obiain more soecific kno'rrledge of the

IA



groundwater conditions a much more comprehensive and quantitative data
base is needed throughout the Northern Neck peninsula. The most
efficient method of obta'ining this data is through the use of scientifi-
caily constructed research stations. Several stations are recortlrended
to be constructed in the future.



CHAPTTR i
INTRODUCTION

General Location and Background

The counties of Lancaster, Northumberland, Richmond and Westmore- 
\

'land form the northern-most peninsula {Plate 'l) of the Commonwealth
of Virginia and as such collectively are called the Northern Neck of
Virginia. The region's extensive coastal areas contrast slight'ly
with the gent'ly rolling inland hillsides to form a very rural sett'ing.

The popuiatjon of the Northern Neck Area exhibited only slight
growth during the 1950's and the ]960's, as can be seen in Table-&". -
(below). The increase frorn 35,000 in .|950 to 37,000 in .l970 indicates
on'ly a 0.5% annual rate of jncrease. The'largest town in the area is
Colonjal .Beach, hav'ing a 1973 population of 2,244 (Departrnent of Commerce
estimate).

Counties

Lancaster

Northumberl and

Ri chmond

t,.Jestmorel and

TOTAL

?n6t F 1IAbLE I

POPULAT] O}IS

r 950

B,640

.l0,0"l2

6,lgg

l0,.l48

34,989

I 960

o 1?^rrtLl

.I0,.l85

6,375

I I ,p42

4- -aa<h I tAlv t r . e

I 970

9,126

o 2?o
J 

'EJJ

6,504

12,14,2

37,0.| 'l

Source: Divjsion of State P'ianninE and Community Affairs

l"lanufacturing is the most imporiant of the area's jndustries. The
seafood industry acccunied for 231! of total employment'in March, 'I966.

0ther basjc industries include agriculture, fjsheries, the tourist trade
and the non-local poniion of whalesale trade. Approxjmately 4?3 of the
total popuiation vrere employecl in agriculiural iobs in the four-county
area in i"larch, 

.l966. 
The major Source of farrn income in each of the

fcur countjes is fjeld crops, prjmarily so;rbeans, corn and small gralns.

in ihe llorthern i'ieck, groundlater is the only deve'!oped source of
r+ater to neei both j ndustria'l and potabl e vrater demands . Groundwa ter
provides for ;,ruch of the 'irrigaijcnal needs as 'rrel I . Total withdravrals
irom the i\lorthetn iieck ar ea approximate tr,io n'ill'icn gai'lons per day (Z

l4GD (7 .57 X10/ L/day) ) . This arigunt is spl it fairly evenly be'b'reen

Comestic and jndus'lrial uses (see Chapter VI).
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Purpose and Scope

By consolidating available data regarding the groundwater
conditions of the Northern Neck, this report shou'ld provide basic
informat'ion useful to lay and professionally orjented readers. It is
anticipated that this report will graphically delineate the available
groundwater resources of the area. S'ince groundwater is the prin-
iipa] source of potable water in the area,-this report will be use-
ful in formulat'ing future development p1ans. Considering land area,
amount of construction, and overall e;<pense, development of ground-
water is generally much more economical than developnent of surface
water. It is also easi'ly adaptable to growth as new wells can be
dri'lled when and, usually, where needed (see Chapter VI).

Methods of Investjgation

The occurrence, avajlability, and quality of groundwater are
governed by geology. Fluch of this report regarding the general
background and geologic jnformation was derived from previous
repoits, both publ'ished and unpublished. Some of the information
on'watet -welI constructjon and'groundwater quaf ity was obtained
from other agencies, although the maiority of jt has been col-
lected by the State bjater Control Board (Si/lCB). Stat'ic water
level measurements, for exampleo were obtajneci from both Sl'lC3

observation weJls anC r,.rells owned by various eniities (i.e.,
private, industrjal, and agriculturai). Driller's n0tes and logs
were obtajned from the files of area drillers. Pumoage reports
and groundwater use surveys submitted to the Sl'lCB were also
tutjl ized within th js report. Water qual ity data from vrel ls were
used to determine chem'ical distribution r^r'ithin the major aquifers.
The most recent of ihis qual ity information !'ras obtajned by the
S"ilCB staff.

Prevj_o u s_ I nve s t'i ga t j ons

Ferrinvestigations have been naCe specificalty of the,ground-
water rescurces of the llorthern l',leck of V'irgin'ia. Al len S'innoti'
in .l969, drafted "Groundvrater Resources of the i'ior"thern lleck
Pen'insula, Virginia" but 'it has not been publ ished. Assocjated
Engineers and Surveygrs, Lid.,'in .|975, prepared an evaluatjon of
the groundwater resources Of ilesilloreland COunt;r. The mcst recent
repori was prepared by Lichtler, in .|975, titled, "Report cn the
Development of a Groundwater Supply at George tiashington Birthplace
Nat'ional i\onument" . Thi s groundr'iater systenris I ocated i n northern
rdestnoreland Couniy.

The earliest discussjon of the groundurater resources of the
entire coastal Plain of virginia included a county-[y-county.
description of the groundlrater tsanford, l 9l 3) . Cederstrom- ( 

.l943,
.l946) publ ished ttro-bul let jns regarding the groun';iivater qual ity in



the Coastal Plain of Virginia. In'1953, the state of Mary'land pub-
lished H. F. Ferguson's investigation of the groundwater resources of
nearby 5t. Mary'i County. Brown, ot. al., (.|973) studied the'struc-
tural geo'logy, stratigraphy, and relative permeability of strata in
the Noith A[lantic Coistil" Plain. Teifke and 0nuschak (.l973) pre-
sented the results of investigations of the stratigraphy, pa'leo-
geo'logy and environmental geology of the Coastal Plain of Virginia. \

l,{ater blel I Number System

The State l,later Control Board's Bureau of Water Control Inlanage-
ment maintains such water well information as well size and depth,
yield, and other pert'inent data'in a computerized system 1l the Board's
Headquarters jn R'ichmond. Also, information on water quality_and
water level changes is ma'intained in Richmond by the Boardrs--B+n:eau -
of Surveillance and Field St,udies. Retrieval of this informat'ion
for specific wells is possible by util'iz'ing the water vtel'l numbering
sys tem.

This system is comprised of two numbers: the fjrst one js a

county identjty nuinber (Lancaster County is 15.|) and the second number
'is a sequentjal l'isting of wells in the County. For example, well
number 15,l-58 refers to a specific well 'in Lancaster County. Ai the
tjme of this report over 286 wells wereident'ified and on file for
this area. It is estimated that the total number of rvells available
for inclusion in this data system is substant'ia1'ly higher than the
existinq 286 wells.



CHAPTER II

PHYSICAL STTTING ..

Study Area Description

The Florthern lleck Peninsula, encompassing 829 square miles,' js
approximately 65 miles 1ong, vrith an average width of about 20 mjles.
Summarjzed in Table 2 tbelor.r) are the'land and water areas. The area
lies entire'ly within the Coastal Plain Physiographic Province. It
is bounded by the Potomac River on the northeast, the Rappahannock
River on the southwest, King Ceorge County on the northr,test and the
Chesapeake Bay on the east. Port'ions of three maior river basins,
the Rappahannock, the Potomac and the Small Coastal River Bas**s'-"
are fouhd w'ithin the Northern lrleck.

TABLE 2

LAND AND I^JATER AREAS

Land Area Water Area
County 5q. l4i jes Sq. Km. iiq. l4i les Sq'Km.

Lanca ster

llortjrunberl and

R'ichnond

lllestnorel and

191 .4 495.7 11.6 30.0

136"5

190.1

236.0

754.0

492.4

611.2

I 952.8

I 6.5

32.9

'l /| n

42.7

85.2

Jb. J

194.?

Phys i ography

The Coasial Plain Physiographic Prov'ince'in the i'lorihern iieck
'is characterized by the fol lorv jng geornorphic {land form) features :

1) Broad, gently d'ipping teriaces formed by changing ancesiral
sea levels.

?) Steep, ancestral, beach-rj(ge escarpments separating the
terraces. (Two noted Tjdervater scarps are the Surry Scarp
rvh'i ch passes thrcr:gh BurEess and al ong the Easiern Branch
of the Corrotoman River (75 feet above mean sea level,
rnsl) and the Suffolk Scarp whjch passes through Kjlmar-
nock and 'rJh j te Stone (50 feet above n;s I )) .



3) Broad flood-plains characterized by meander ioops and
depositional features. (This type of stream rnorphology
is characterized by the strean expending most of its en€rgy
in lateral erosion rather than vertical downcutting, j.e.
the upper Rappahannock Rjver.)

4) The formatjon of fluvial-estuarine systems (drowned river \
valleys) occurred as river flood plains and channels were
engu'lfed by a rise in sea level. (The lower Rappahannock
and Potomac Rivers are examples of such found within the
Study Ar.ea. )

Average reljef of the Study Area is approximateiy 75 feet (23 km.)
above msl.

Cl imate

The climate of the Northern l{eck can be class'ified as temperate,
with the annual, average temperature being 5BoF (14oC). Latitude'
topography, prevai'l ing-vlinds and proxinrity to ihe Ches_apeake Bay and

the Atlant'ic Ccean exert'influence upon the clinate of ihe area.
Average annual precipitation in the area varies onlV llightly.from a

low oi 40 inches (102 cm) in t/estnoreland County to a high of 43 "inches

(109 cm) in Lancaster and Northumberland Countjes.

The prevailing wind is from the southwest, r'rh'ich,generally brings
the moist air from the 0u'lf of Mexico to the area. Polar air masses

from the nolthwest clash vrith the',.rarm gulf air to produce m0st of the
climatological changes that occur in the area.

Hydro'lqgy

The Northern l.leck has many streams as well as several large
tjdal-river, bay areas. The nrassive, bay areas are Surrounded by
large areas of relative'ly flat and gently siop-irlg ierrain.. . The vast
tid;l-water resources of the Northern Neck are accompanied by many

excelleni natural wildlife habiiats, found in ine marshy lowlands ir,
and adjacent to, the tidal-stream estuaries. Tne land areas adiacent
to the wet1ands genera'l1y have a high rvater table which restricts sujt-
abil jty for sept'ic tanks and drajnfjelds.

The greater part of inland l{orthern i\leck 'is irebbed ulith val leys
and ridges draining to ffidr,v gllsams in the area. Generally, there
are large, fertile-plateaus of gent'iy rolling iand betleen the stream
uratershecis. These plateaus are suited jdeal'ly ic the farming opera-
ticns for which they are prinari'1.v used. i"lany of the Stream val leys
have slopes cn the order of ten percent or greater, and rnost cf ihem

have slopes exceeding five perceni,



Soil s

The soils of the four-county area have been divided into thr:ee
major groups: the upland soi'ls, the low-marine, terrace soils, and
the pjedmont river soils. 0n the higher terrace, the soils are
generally well drained, wh'ile those of the level areas have impeded
drainage. General]y, the soil conditions 'in all four counties are
quite good, both for building and for septic tanks. In the lovto
marshy lands and along 1ow shorel'ines the soil conditions are un-
favorable for Sewage percoiation. The higher ground along the major
highways, at{ay from the shoreo is almost all favorable for structural
buj1ding, as weil as suited for the use of septic tanks and drain-
fields

Northumberland and Lancaster Counties are the only coun-t-ie,.f-in
the Study Area which have a completed soil survey. This survey was
prepared by the U. S. Department 0f Aqrjculture, S,ril Conservatjon
Service (USDA, SCS) in cooperation with the Virginia Agricultural
Experiment Station. The soils delineated in that survey are typicai
of those found in the low lying coastal areas of the other counties.

General soil maps for each of the four countjes in the Study
Aaea have been prepared by the USDA, SCS. The genera'l groupings of
scil, or assoc'iations, c0fltdin a few major soils and several minor
soil types in a pattern that is characieristic, but not uniform, for
the arei. As a resu'lt, detajled s'ite investigation is necessary to
determjne the suitab'i'lity of specific sjies for a particular'land
uSe.

Existirl_g Patterns of Land Use

The two maior uses of 'land rvjthjn the area are for farming and
fores try. These tr,ro I and practi ces exe n';pl i fy the rural -agri cul'lural
econorxy that historically has dominated this area. In addjtjon to
stands of comnercjal arrd non-commerc jal p jne anC hard'rtrrod forests,
cultivated vegetation jncludes soybeans, corn, vrheat, and tobacco.
The protection of the hjlls'ide areas is irrportant from a vtater-
conservat'ion standpo'int s'ince the forest c0'rer helps retain a large
percentage of rajnfall for recharge of groundrrtater supplies.

Towns and older, sinall communities genera'l1y are locateci jn the
upland-plateau areas. There has beerr very 'ljitle developnent in ihe
h jl ls jde areas. Urban groi.rth and iis ef fects have ttot been very
signif jcarrt to date; horrrever, recent develcpinents arouttd tot'rns, along
major nighvrays and near shorelines jndicaie ihat urban Erolih nny
become more ev'ident in the future.



CHAPTER III
HYDROGEOLOGY

Geol ogi_c Settj ng

Geo'logic factors closeiy control the occurrence, distributton
and quality of groundnater. The most important of these related
factors in the Coastal Plain'is the lithology or types of rocks.
The abil'ity of different types of rocks and'sediments to absorb,
store and transmit water varjes greatly according to their make-up.
Sediments wh'ich act as a reservoir and allow the favorable trans-
missjon of water are referred to as aqu'ifers, rvhjle those that
are neither porous nor permeable enough to yield water are=terneA.
aquic'ludes. As water moves underground it acquires a chemical con-
stituency which is uniquely characteristic of the type of sediment
'in which 'it circulates.

The llorthern Neck sedimenis, as part of the Coastal Plajn Pro-
vince, consjsts of a seaward-ihjckening and geniiy dipping wedge of
sands, silts, clays and marls depos'ited by fluvial, delta'ic and marjne
processes, over'lying a pre-Cretaceous basement compiex. For a more
detailed djscussion of the geoiogy of the entire Virginia Coastal
Plain, see Cederstrom (tgqg), Broln (1972) or Teifke (1973).

Hisioric Sketch. The type of sediments deposited at a g'iven piace
andffisjtionwitrrintheCoastalPlainProvjnciarevery
much determined by its relat"ionship to the coastline and rivers of the
past and present. in the recent geologic past the shoreline has
shifted back and forth several times, frcm as far west as near the
present fal'l zone to east of the present beacn line.

ljpl ift in areas "rest of the fal I zone, 430-280 mi I I jon 
-vears

ago (Palerrzoic Era), wjth coastal movernents along ihe Atlant'ic Con-
tinental margin, have produced a seawarC slcpe on the crystalline
basement rock surface (Plate 2). Subsequen'b erosion of those up-
lifted areas filled the depos'it'icnal basins tc the east. These
unconsolidated sediments are of Cretaceous (about 63-.]36 milljon
years o1d), Paleocene {about 58-53 million yei'r^s old), Eocene
(about 36-58 million years old), itliocene (abcuc l3-25 million years
old), and Posl-f'liocene Ages (receni t,o about l3 nill ion years o1d)
(Table 3) and ccnsist of alternat,jng marine and non-marine, iepo-
s'itiona1 strata. In ihe eastern excreme of tne Study Area, the
thickness of these sedjments reaches appro;<ilraiely 3,500 feet. To
the'n'est, tne fall zone itself is actually tne area of outcrop of
the basemenf conplex, dnd the overlying, unconsolidated sediments
Cecrease jn thickness to zero feet. The fornraiicnal borindaries pre-
sented jn this repcri are based mainiy on I j Lncsrrat'igrapltic cori'ela-
tions, interpretations of gecphysical 1ogs, and prevjous ,:ubl icat'ions.
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9tratigraphy. In the Coasta'l P'lain, the Precambrian-Triassic
age "basernent complex" underlies unconsolidated sediments of Cretacesus
through Recent age (Table 3). The top of the "basenpnt" dips alnrost
due east from an altitude of -j.i00 feet (mean sea level) in the
western tip of ldestmoreland County to -3500 (rnsl) feet in the north-
eastern tip of llorthumberland County (.Plate 2) (Teifke, 1973). The
basement is primari'ly granite or its saprolite (weathered residuali .
and is assured to be equated with the Petersburg Granite exposed to
the west in the Piedmont Province. "Redbeds", usually sandstone of
Triassic ager ilfe known to occur to the south at I'lest Point in King
l{i]1iam County. It is not at this tinre known whether they underlie
any portion of the Northern Neck.

Cretaceous sediments, in previous works on the Coastal Plain,
have been subdivided into the Lower.Cretaceous, Potomac Group-an4
the Upper Cretaceous, Mattaponi Formation. Teifke designates the
intermediate strata of Early Cretaceous Age as "transitional beds"
(Table 3). These "transitional beds" exist only in the northwestern
half of Westmoreland County where their th'ickness is as much as i00
feet in the extreme northwest. Apparently, in the remainder of the
Northern Neck, including the areas as far west as Erica and Co'les
Point, these "transitional beds" have been completely ertded. The
Cretaceous sediments were deposited in a fluviai-deltaic environment
(Cederstrom, 1945). In both the York-James Peninsu'la and the Middie
Peninsula, the preserved, meandering channel facies of the fluvial
(river) environnent and the deltaic environrnnt have been identified pre-
v'iously. In the Northern Neck area these sediments contain approxi-
maGly 75-50% sand in most areas, with scattered local'ities and depths
having as much as 75% sand (Brown, 1972). These sand units probably
result in many good water-bearing beds.

The marine Mattaponi Formation of Pa1eocene Age is overlain by
the Naniemoy Formation and lies d'irectly upon the Patuxent Formation.
This occurs in the majority of the l{orthern Neck with the exception
of northwestern lilestmore'land County, where it Iies directly upon the
"transitional beds". Thus defined, the Mattaponi interval includes
rocks referred to as the Aquia Formation and is comprised of beds of
quartz-glauconite sand, drab-coiored, glauconite-bearing clay, shell
beds, and an occasfonal bed, or beds, of indurated calcitic rock.
Water-bearing, basal grave'l is a subordinate litho'logic type of rela-
tively local occurrence. Abundant autochthonous (fornred in place)
gl aucon i te i s the pri nci pa1 1 i tho'l ogi c cri teri on used to 'identi fy the
unit (Teifke, 1973). The thickness of the Mattaponi is between 80 and
200 feet (Teifke,'1973). The elevation of the top of the Mattaponi
Forrnration dips from -60 feet (msl) in the western tip of l,lestmoreland
County to iower than -500 feet (msl) a'long the Chesapeake Bay,
Northumberland County boundary.

The Nanjemoy Formation is comprisecl of sediments generally con-
sidered to be of Eocene age. The Nanjemoy, as defined by Teifke,
is equiva'lent to sediments of Claiborne age, as described by Brown
(1972). This formation is a succession of beds of sand, clay
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and calcitic units deposited under marine conditions. The beds of
sand are mineralogicalty simple, consisting primarily of varying
proportions of quartz and glauconite. They range from brown cldyey
beds of sand in which g'lauconite is a minor constituent to beds of
clean "greensand", in which glauconite may constitute as much as 90
percent of the gra'ins (Teifke, 1973). At the base of the Nanjemoy
is the distinctive, pink, Marlboro clay. The thickness of the Nan- \
jemoy Fornation is general]y at least 100 feet in the Northern Neck.
it thins to as little as 40 feet in the westernmost part of Westmore-
land County and in the coastal portions of Lancaster County, evidenc'ing
the relatively low filled basin in between. The elevation of the
top of the Nanjemoy dips east-southeast from rpan sea level in the
far west of I'lestrnoreland County to -420 feet (msl ) on the coast of
Lancaster County

The Calvert Formationn of late Eocene to ear'ly Miocene age, in-
cl udes al I strata between the top of the Nanjemoy and the base of the
Yorktown, or the base of the Colrsnbia Group in the absence of the
Yorktown Formation. It is the rnost widespread geo'logic unit in the
Northern Neck. The Calvert Formation outcrops in the western halves
of l,lestmoreland and Richmond counties. Although, in the area of the
outcrop, it is less than 50 feet thick, maximum observed thicknesses
of the total Calvert section include 332 feet in Northumberland County
(Town of Ditchley, 156-14). The altitude of the top of the forrnation
grades frorn over100 feet above nean sea'levei in the western portions
of the Study Area to below sea level in the coasta'l areas. The Cai-
vert Formation general'ly can be divided into three parts: the basal
sand remb€r, the diatomaceous member and the upper member. The water-
bearing, basa'l sand member generaliy consists predonrinantly of sand
beds with minor c'lay beds of lenses. The principal constituents of
the sands are usua'lly clear, polished quartz and 5-.|5 percent reworked
phosphorite. Ihis is known as the most highly phosphorit'ic zone in
the entire Coastal Plain section and causes a marked irrflection in
gamrna-ray iogs. The diatonaceous beds are paie brown to buff in color
and uniform in texturei they contain very'little sand or silt. The
upper member consists primarily of greenish-gray to brownish-gray,
silty clay and interbedded accumulations of mo'l1usk shells (Teifke,
1e73)

The Yorktown Forrnation, of late Fliocene age and possibly P'liocene
age in its uppermost part, consists of the marine sediments between
the top of the Calvert Formation and the base of the Columbia Group.
The Calvert differs from the younger Yorktown in that the latter has
more abundant and coarser-grained sand-and-gravel units, and more
abundant and thicker shell beds. The Yorktown is also lighter in color
than the upper member of the Calvert (Teifke, lg73).

The Columbia Group consists of all sediments which overlie recog-
nizable Yorktown or Calvert strata. . These younger, non-marine deposits,
Pliocene through Recent in age, cover most of the Yorktown and older
rocks in the Study Area.0xidized c1ays. silts. sands and gravels
constitute most of the deposits. In most olaces the sediments
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ofthe Columbia Group contrast sharply with any marine formation which
they.overlie.

Groundwater Avai I abi I i ty

Groundwater of the Northern Neck occurs in three major aqu'ifer
systems {Table 4 and Appendix F). The uppermost aquifer system,. the \
witer-talile aquifern ib'found throughout the area. It consists bf
unconso'l'idated deposits of Tertiary and Quarternary Age (prinnrily
the Columbia Group and the Yorktown Formation). The second aquifer
system of the Norlhern Neck is the upper-artesian aquifer system of
Eocene age, which is formed from sediments of the Calvert Fornation
near the Chesapeake Bay and some sedinents from the top of the Nanjemoy
Formation near blarsaw and westward. The third aquifer system, the
principa'l-artesian aquifer system, comprised of Paleocene and-'&etace{i'us
Age sediments (Patuxent and Mattaponi Formation) is found throughout the
entire peninsuia. in addition, there 'is a minor, Second, upper artesian
aquifer system of Miocene age throughout the area. This system, however,
is comprised of sands which are generally too fine to yield enough water
to be worthy of development.

Specific capacity, defined as ga'lions per minute of withdrawal
per foot of drawdown (gpm/ft) is the most reliable hydrogeolog'ic
infonnation available ior most of the wells in the Northern Neck.
Therefore, specific capacity is used in this report as an indicator
of aquifer potential . It should be noted that variations in we1'l
constructjon and development will have pronounced effects on the
specific capacity of a well. In those areas, however, where specific
capacities are reproted accurately and well completion infornation is
available, specific capacities can be used as a reasonable comparative
parameter of aquifer potential.

For wells on which construction data and geophysical logs are
ava'ilable, specific capacities have been corrected by reans of a
graph. The graph has been constructed fromthe Kozeny formula which
compensates for wejl diameter, well construction and partiai pene-
tration of the aquifer (Johnson , 1972).

Pfincipal Artesian Aquifer. The principal-artesian aquifer system
in t ti ve'ly i arge wel l -yie'ld potential {200
gpm (7571/min)). The system 'is composed of many sands from_the Matta-
poni and Patuxent forrnations that have a h'igh potential yieid from
iepths which vary from 300 feet below sea livel in the western third
of the Study Arel to nearly 600 feet below sea1evel in Lancaster
County(Plate 4). The topography of the basement rock complex, the
presence of faults in the basement, the percentage of sand in the
aquifer and the thickness of the aquifer contro'l the hydrology of
the aquifer (State Water Control Board, 1973). The lithology can be
extreme'ly variable, even within short d'istances. Aquifer sand-percentage
is higher in the areas where sands vrere depos'ited by meandering river
channels than in areas where sands were deposited by tributary stream
channe'ls. The thickness of the aquifer system increases to the eastern
and northeast port'ion of the Study Area. The Aqu'ia greensand' at the
top of the Mattaponi Formation, supplies most of the public supply wells
in nearby St. Marys County, Maryland.
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Water requirements and economic factors normally determine we'l'l
design. The installation of multiple, short screens in the var,ious
sands, rather *tan a single, long screen is the most efficient method
of obtaining 'large yields for this area. f,lell yields obtained frorn
this aquifer system in the Northern Neck predominantly are affected
by the percentage of sand composition and the well design. In order \to increase the delivered volunn, the screen or screens are set'in
the smallest reasonable diameter, which is then enlarged upwards.
Small diameter we'lls (6 inch dianreter telescoped to 4 inch or 4 inch
diameter telescoped to 2 inch) with screens in on'ly a small portion
of the aquifer, are constructed when oniy low well-yields are required
(Table 4 and Appendix B). l,ihen higher yields are sought, larger
diameter (unteiescoped six inch or greater) wel'ls are necessary. High-
yieid weils often are designed with rnultiple, short screens.pla.Ced..
adjacent to all the major sand strata encountered. The largest well
yieids recorded include 503 gpm (1904 L/min) at Haynie Products in
Northurberland County (well 166-26) and 844 gpm (3]95 L/min) at
Arowhead Manufacturing in l,lestmore'land County (well 196-17).

Like actua'l weli yie'lds, specific capacities of wells developed
in the principai aquifer are ajso dependent upon well design and
aquifer characteristics. Specific capacities of small-diameter wells,
designed as previously d'iscussed, range from 0.5 gpm/ft (6.21 L/min/m)
to 3.3 gpm/ft (41.0 L/min/M) (Table 4 and Appendix B). Specific
capacities of the above mentioned large dianreter wells range from
2 gpnlft (24.84 L/min/M) to ]5.7 Spn/ft (195.0 L/min/m). The highest
specific capacities on record for we'l'ls developed in the principal
aquifer system include 15.7 gpn/ft ('195.0 L/min/m) of Haynie Products
of Northumberland County (wel1 166-26) and :12.9 gpm/ft ('16A.2 Llninln\
at Cabin Point Subd'ivis'ion in Westmore'land County (wel'l 196-24). The
largest specific capacities have been obtained from extensively developed
wel'ls hav'ing screens in the majority of the sands avai'lable and having
been adequately gravel-packed. Table 4 depicts the great variation in
yields,as well as specific capacities, of wells (see also Appendix B)
throughout the area.

Upper Artesian Aqrllfqr. This system has a fairly consistent thick-
neSSmGeorgeWishington,sBirthilaceinWestmoreland
County this system consists of ittty, g'liuconitic sand'layers with rela-
tiveiy 1ow yields expected. This Eocene age aquifer is the first, good,
water-bearing horizon beneath the pooriy productive Yorktown Formation
of Miocene Age. The consistency of this upper system makes it a reliable
source of indiv'idua'l , domestic, and possibly subdivision groundwater
suppiy in both the Northern Neck of Virginia and St. Marys County of Mary-
land. Primari'ly in a zone trending north-south from east of Montross to
the Morattico area, this system now provides groundwater for many light-
to-moderate water users.

The upper artesian aquifer system general'ly has a low-to-moderate
weii-yie'ld potential, 20 gpm (75.7 L/min) to 1.l0 gpm (4.|6.4 L/min).
Specif ic capac'ities for wel I s deve'loped jn the upper artes'ian aquifer
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system are much lorer than specific capacities for wells in the Principal
aquifer system. This is especially true when comparing the larger diameter
wells in both systems (Table 4 and Appendix B).

f4ost wells that have been developed in the upper artesian aquifer
systen are small diameter wel'ls which yield 20 gpm t75.7 L/min) to q0 \
gpm (151 .4 L/min) (Tab'le 4 and Appendix B). The 'larger diameter welis
(six to eight inches in diameter) which tap the upper artesian system
exhibit some variabi'l ity across the Study Area. Yields of 30 gpm
(113.5 L/min) to qO gpm (151 .4 L/min) are nonnal 'in the eastern half
of the Study Area, with yields of 50 gpm (189.3 L/min) to 60 gpm (2?7.1
L/min) conmon in the western half. The s'l ightly greater yieids in the
western portion are attributed to the greater perrneability of the aquifer
there. The largest yields on record for the upper artesian.-aq*ife.r are
75 gpm (aeg.9 LTmin)-near Ditchley in NorthumOi:rtand County aria i10 gpm
(416.4 L/min) at Sanford Canning near Hague in Westrnoreland County.

ldAter Table Aquifer. This important aquifer system occurs genera'lly
undeffiions,but.]oca1iyintheeasternportionofthe
Study Arean it occurs under some artesian pressure. The water table
aquifer is especially irnportant in eastern Lancaster and Northumberland
Counties where it is not uncommon for the upper and principal artesian
systems to be quite brackish and, therefore, unsuitable for potable use
(see Chapter iV).

The water tab'le aquifer system consists of discontinuous lenses of
general'ly fine sand and shells as thick as 30 feet. Specific capacities
generally range from one to three gpm/ft., and reported yie'lds throughout
the system generaliy range from 5 to 20 galions per minute. This uncon-
solidated aquifer is a source of donestic ground*ater supply in rpst of
the Study Area, but seasonal fluctuations and lack of sufficient storage
make it impractical for any except minor supp'lies.

State Water Control Board data files show that the unconsolidated,
water table aquifers are a s'ignificant source of domestic groundwater
in the Northern Neck. These aquifers also supply groundwater to sorne
institutions, farms, andother small users in the area.

Elevation of Aquifers

The elevation or altitude relative to mean sea level of each aquifer
determines the approximate distance needed to drill in order to obtain
water from that aquifer. A more exact depth can be determined by adding
the eievation of the top of the aquifer to the elevation of the well site.
The latter elevation can be obta'ined from the appropriate U. S. Geologicai
Survey topographic map.

The principa'l artes'ian aquifer sands tend to dip to the east'in the
Study Area, from -300 feet msl a'long the Rappahannock River to
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-55S feet ms'l (P'late 4) in the Reedville area. The upper,artesian
aquifer system is prominent on all the geophys'ica'l log-s of the area
tlbt were-examined. it dips slightly east-southeast from apprcxi-
mate'ty -200 feet msl west bf Wariaw to -375 feet msl in the Reedvil'le
area (Plate 5).
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CHAPTER IV

GROUNM{ATER HYDROLOGY "

Hydrologic data on the artesian aquifer systems in the Northern
Neck c6nsist-primarily of specific capacity deierminat'ions from sing'le\
well pumping tests. Stratigraphic correlations, assembled from geo-
physical well logs and we'!1 sections give a reasonable interpretation of
the hydrologic frarnework of the artesian aquifer.

Substantial recharge 0ccurs from vertical leakage between adia-
cent aquifers through aquitards. The rate of vertical flow is propor-
t'ional to the difference in water 1gv91s in adiacent aquifgfs_Sg.
effective vertical perrneabi'lity. ldith heavy pumpage and increasing
pressure differentials,'leakage can yie'ld substantia'l quantit'ies of
water to pumped aquifers.

A minimum value for'leakage through the confining layer of the
Principal Aquifer system can be estimated by using Darcy's Law,
Q = PiA, where Q = recharge in gallons per day; P'permeabiiity
(the capacity to transmit water) of the confining layerl i = hydraulic
gradient, which 'in this case, is the ratio of the head differential
to the thickness of the confining layer; and A = areal extent of con-
fin'ing layer (U.S.6.S. Water Supply Paper 

.|536-E).

The nearest core from the Virginia Coastal Plain that has been
tested in the laboratory was of a very low permeability clay taken
from bJell 118-49 in Charles City County. The perrneameter tests
show an average permeability of 0.0025 inches per day, which is equal
to 0.00'15 ga'llons per day per square foot. In the f'Jest Po'int area'
head diffeientials betwebn two aquifers separated by a 7O-foot thick
confining layer vary between 40 feet and 60 feet. Assuming an average
head differentia'l of 50 feet, the hydrauf ic gradient imposed on the
confining layer js 50 ftl7A ft or 0.7'1. For an area of one square
mile, the recharge derived from ieakage through the confining bed is:

Q = 0.0015 gpd/rt? x 0.71 x (5.29 x lo3 rt)2

Q = 0.0305 X 106 gpd = 30,500 gpd

This estimate of leakage is a minimum value. Clay as impermeabie
as that in the core sample from }Jell llB-49'is not often found. The
confin'ing layer is usually made up of more silty materiaf in wh'ich a
permeabiiity increase of one order of magnitude can be expected. The
head differential in the hlest Point area is lower than normal because
of heavy pumpage in both of the aqu'ifers separated by the confining
bed.

21



Transmissibi I itv Val ues

In .|974, 
an aquifer-pump-test was conducted at the George l{ash-

ington Birthplace National Monurnent in northwestern Westmoreland
County. Th'is test, as described by Lichtier [1975), is the only
one that has been conducted in the Northern Neck that has utilised
a production well and an observation wei'|, both screened in the upper- \
most portion of the principal aquifer system (Table 5). Transmissi-
bi1 ity values, calculated using the modified-noneguil ibrium formula
of Jacob, were 14,700 gpd/ft (.|825.7 Lday/ft) for the pumping well
and 27,500 gpd/ft (3415.5 L/day/ft) for the observation well. Trans-
missibil ity-vaiues determined irsing the nonsteady-state, leaky-artesian
formula were somevrhat, lower: 13,300 gpd/ft (.l651.8 Llday/ft) for the
pumping well and 22,800 gpd/ft (2831.8 L/day/ft) for the observation
well. L'icht'ler concluded that the transmissibility value obta,ieed.from
the producing weli using an average of the values obtained by the two
methods, 

.|4,000 gpd/ft (.|738.8 Lldaylm), is more nearly representat'ive
of the producing aquifer system than the values obtained from the obser-
vation well. A storage coefficient also was determined for the observa-
tion weli using the nonsteady-state leaky-artesian method.

0n1-v larger diameter wel ls were used in mak'ing the transmissibil ity
estimatesn since specific capacities from we1ls with less than a 6-inch
diameter reflect wbll-design' characteristics and not aquifer characteris-
tics. This trend is shown in Table 6, where it can be seen that specific
capacity values for smaller diameter wel'ls in the principal artesian
aquifer and the upper artesian aquifer are similar. If determined by
aquifer characteristics the specific capacity values would be expected
to be h'igher for the principal artesian aquifer. As well design is the
dom'inant determining factor for these values, they can not be used'in
accurate transmissibil ity determinations .

Since no other aquifer pump-test data uti'lizing an observation
well are availablen rough estimates of transmissibility values were
calcu1ated from available specific capacity data. The theoreti.cal
specific capacity of a well discharging at a constant rate in a
homogenous, isotropic, nonleaky, artesian aquifern fnfinite in area'l
extent, is given by the fo11o*ing equation:

a.r-
s : 264 1 og Tt -65.5

2,693r*25

Where 9. = specific capacity, in gpm/ft
5

Q = discharge, in gpm
s = drawdown, in feet
T = coefficient of transmissibility, in gpd/ft
5 = coefficient of storage, fraction

fw = nominal radius of we'll, 'in feet
t = t'ime after pumping started, 'in minutes
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This equation assurnes that : (i ) the production we1'l -penetrates' and
is uncased, through the total, iaturated thickness of the aquifqr'
(2) well loss'is negligible, and (3) the effective radius of thd
irilduction weji has no1 been affected by the drilling and develop-
rnent of the production well and is equal to the nominal radius of the
production we'll. \

The relationships between the specific capacity and the coeffi-
cient of transm'issibil ity for artesian and water-table conditions are
shown in graphs C, D, and E of Plate 6. Pumping periods of l-hour'
8 hours, ind'24 hours; a radius of 6 inches; and storage coefficients
of 0.0001 and 0.02 were assumed in constructing the graphs. These
graphs may be used to obtain rough estimates of the coefficients of
irairsmissiUil ity from specific-cipacity data (tllalton, 1970).*-ILg-q.oeifi-
cient of storagi is estimated froin weti-tog ana water-levet trafl*l"dnd
a line based on tne estimated S is drawn paraile'l to the lines on one
of the graphs C, D or E in Plate 6, depending upon the punping period.
The coeififient of transmissibility is seiected fron the point of inter-
section of the S line and the known or corrected specific capacity.

Specific capacity data were corrected for partial penetration and

well ridius using the relationships in graphs A and B of p'late 6. A

storage coefficient of 0.0001 was assumed from the aquifer pump test
discussed above.

Transmissibi'lities for the principal artesian aquifer, as deter-
mined from specific capacities! are shown in Table 5. The transmissi-
bi l ity estimate for the George l,lashi ngton B'irtfrRl ace -Monument 

wel I i s
reasoirably c'lose to the tranimissibil ity ca'lculated from the aquifer
pumping test. As the aquifer pump test value was 14'000 gpd{ft
ilZla.6 tlaay/m) and the estimated value was ]8,000 gpd/ft {2235-6
i/auy.m),'ttr! tiansmissibility estimates in Table 5 are considered to
be gbod'iough estimates {!2?7"i of the transmissibil ity of .the.uPPel
poriion of the principal artesian aqu'ifer system. Determination of
lransmissibilities of the lower portion of the principal aquffer is not
possible at the present time due to the lack of relevant data.

Very few iarger diameter wells have been completed in the upper
artesian and water tab'le aqu'ifers. This greatly inh'ibits estimation
of transmissibjl ities from'specific capac'ity data (Table 5)- Transmissi-
bility estimates for the upper artesian aquifer range from less than
1000 bpd/ft (l?4.? L/day/ft) to 3,500 gpd/tt (434.7 Llday/ft). Trans--
missiUit tty estimates fbr the water table aquifer range from 2000 gpd/ft
(24S.a Llday/ft) to4000 gpd (495.8 L/day/fi). More specific capacity data
and aquifer pump test data are needed for this upper artesian aquifer
and the water tabie aquifer.

Transmissibilities also were calculated using ava'ilable well yield
tests. Available pump test and recovery test data were plotted and
analyzed using the Modified Nonequ'if ibrium Formula and the Theis Recovery
Formuia respective'ly (Ferris, .|962) . The formulas are simi'lar in form:
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r= 264 Q, -ZF' 264 Q'As'

T is transmissibility, and Q is the rate of discharge or recharge. In \
the nonequilibrium formtrla, as is the change (in feet) in the drawdown
or recovery over one iog cycle of time. In the recovery formu'la' As'
is the change in residual drawdown (in feet) per log cyc'le of time.

Semilog plots were obtained of time versud water level (Appendix D).
Using the Theis Recovery Formula and the nonequilibrium formula, trans-
missibiiities for 11 weils on the Northern Neck were determined (Iable 6A).
These transmissibility values are considered to be one 

.|.u"1-*e{r*6eeuracy

better than those va'lues obtained from specific capacities. Generally,
the transmissibiiity values calculated'using the two methods compare
weli (Tables 6,6A). The trend can be seen that we'lls which partially
penetrate the upper part of the principal aquifer genera'lly have'lower
transmissibility va'lues such as wells 196-129 and l5l-43. Transmissi-
bility values obtained using the pump test versus the recovery test
data at Copte E'lenrentary School are very close. However, frequently
pump test data are not usable because straight'line plots of time versus
drawdown data can not be obtained. Recovery test data in this study
area and nearby areas frequently plots as a straight 'l ine and therefore
is very useful in calculatjng transmissibil ity.

Groundwater Movement

Groundwater resource studies of the Northern Neck have been con-
ducted by Sanford (.|913) and Sinnott (1969). Selected data from these
studies were used to prepare historical potentiometric surface maps
of the area (Plates 7,8,9 and 10). These surfaces are, of course,
approximations of the conditions for the time period indicated and
there may be some location discrepancies among various researchers.
However, the surfaces are re]iable and accurate enough to determ'ine
trends in water levels and qroundwater flow conditions.
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TABLE 6

tstimated Transmiss'ibi I ity of
Selected l,{ells 'in the

Major Aquifers of the Northern Neck

lr{el 1 No.
Di arne ter

In.

Princi pal 
. ArtFsian Aquifer System

Lancaster County
'r 5r -50 l0 x

Northumberland Co.
]66-28 t8 x

R'ichmond County
179-7 8 X

Westmoreland Co.
196-2 6'196-17 2A X

I 96-23 t0 x
196-24 10 X

196-43 6
I 96-57 6

UpPeI Artesian Aquifer lIStem

Ri chmond Co.
179-4 6

Westmoreland Co.
196-30 6
196-48 6

l{ater Table Aqqifer (YorFtown)

Lancaster Co.
15l-6 6 X 4,5
t5t-17 6 X 4.5

t0

Corrected**
Speci fi c
Capaci ty

gpm/ ft

??*

5.8*

?E*

4.4

4.5
r3.6
1.8
8.6

2.2*

0.7*
a.2*

1.2*
2.3*

Approxirnate
Transmissibility

spdl ft

7,oo'0"-*-*"

:'
15,ooo

I,500

9,000
18 ,000
I 5,000
30,000
4 ,500'18,000

3,500

1 ,500
Less than I,000

2,00a
4,000

e

I
I

*l.lo correcti on necessary, actua 1 speci f i c capaci ty.
**Corrected specific capacities obtajned from the relationship shown in

Plate A.
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TABLE 6A

Transmissibil ity Va'l ues Determined
From t.lel'l Yield Tests

{See Appendix D}

Des_cri ption

Transmissibil ity
Pump Test Recovery Test
gpd/ft gpd/ft

Principal Artesiag Aguifer. System

Lancaster County.|51-43 Tides Inn
'151-50 l{est Irvington
151-83 Town of Kilmarnock

Northumberland County

|{el'l No.

1 66-26
I 66-28

Westmorel and County

. I 96-2

r 96-t 7
1 96-23
1 95-57
1 96-1 29
196-'t 36

Haynie Products
Standard Products

George Washington
Bi rthplace Park

Arrowhead Industries
Cabin Point Subdivision
George Washington Bi rthpl ace
ldestmoreland State Park
Cople Primary School

4,020
I 7 ,700

I 0 ,590

'l:!lo

r i,iio

6,600

',.*::.-

23,820

34,670
23,?1A

ii.ioo
l6,000
2,16A

I I ,930

Upper Artesian Aquifer

L{estmore'land County
196-12 Sanford Canning

/-Y



Principal Aqu'iler System, Between 
.|900 

and i977 pumpage lowered
leve ly 15 to 20 feet. This is reflected in
both the hydrographs in P'late i3 and the levels maps (Plates 7 irnd 8).
The hydrographs show a i5-foot drop in the past 10 years. This is
probably because both observation wel1s are "located in maior towns.
As the popuiation of the town has increased, the amount of the with-
drawal has also increased.

Two]ow areas are shown in Plate 8. One is in the Reedvi'lle-
Fairport area and one is jn the Colonia'l Beach area. These are the
two most deve'loped and rap'id1y growing areas of the peninsula.

Upper Artesian Aqgifel. The potentiometric surface of the upper
arte@r 1900 (Plate 9) shows that the flow vras
generaliy irom west to elst-southeas't. Between 

.|900 
and 1977"'fffE-" -

leveis declined overali by approximate'ly 10-20 feet (Plates l0 and i1).
A possib'le low area is delineated in the Lew'isetta area. This may be
caused by aquifer discharges to the Potomac River.
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LEVELS - approx. 1900
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LEVELS - approx. 1900

Upper Artesian Aquifer
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CHAPTER V

GROUNMATER QUALITY

General Groundwater Qual ity
Both groundwater and surface water contain various dissolved" \

chemica'l constituents which affect overall quality and usefulness.
Because it is exposed to so many factors which can have a direct effect
on it, surface water generally will exhibit a higher concentration and
greater variety of these disso'lved chemicals than groundwater. Ground-
water js affected primarily by the soil and/or rock environment through
which the water ciruclates. Man's activities may have an 'inmediate
impact upon surface water quaiity, while, in most cases, nan's impact
on groundwater quality is not as irnnediate or apparent. The-sfferts *

upon groundwater, however, fioy be much more severe since pollutants
in groundwater tend to be more long-lived and persistent.

The cfBnrica'l constituents and their concentrations will vary from
one area to another depending upon the geology of the area. Generaliy
speaking, groundwater is co'loriess or near co'lorless, clean, and has a
constant temperature equivalent to the average annual, atmospheric
temperature of the region where it occurs (in the itlorthern Neck, about
58o F. or l4o C. ).

Although nunerous properties can be determined when evaluating
water qua,iity, only the most important wi'l'l be included in the fo'l-
lowing discuss'ions. l'lore complete analyses are listed in Appendix B.

Results of these analyses usua111r are expressed in parts per
nrillion (ppm) or in the metric system as milligrams per liter (mg/l).
These two tenns can be used interchangeably in describing water quaiity
ana lyses .

Principal Artesian Aquifer. The principal artesian aquifer^ system
Ihas large reser,res of exCel'lent quality water which is utilized through-
out much of the study area. The water is of a softn sodiun bicarbonate
type, as is the water in the correspond'ing prfncipal aquifer in nearby
St. ldarys County, l4aryland. In the southeastern-most tip of i\orthumber-
land County the chjoride values are sl ightly higher than norrnal (P'iate
12 and Table 7) ranging from greater than 5 ppm to as rnuch as'169 pprn.

Thjs high chloride zone was identified by Cederstrom (19a6) and
is not confined to the Northern Neck. It extends south to the Middle
Peninsula, York-Jarps Peninsula and southeastern Virginia, and io the
east on the Virginia Eastern Shore. It is believed that the safinity
or high chiorides of the artesian aquifer of the Virginia Coastal Pla'in
is a result of incompiete flushing of sea water from these aquifers
since they were 'last saturated during the Holocene marine transgressions.
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Another significant chemical constituent of water found in the
principal artesian aquifer is sodium. The sodium content of ground-
water in the eastern zone has been found to be greater than 200;ppm
(Plate 13). Restricted s,odium intakes often are recomtended for those
people with various heart and blood problems. Accordingly, water con-
taining 270 ppm or more should not be used for drinking water by those
on a moderately-restricted sodium diet and water containing 20 ppm \
or more should not be used by those on a very-restricted sodium diet.
The iatter group of people would not be advised to utilize water from
the principal artesian aquifer throughout the Northern Neck.

A hiEh ratio (6:.t) of total dissolved solids to hardness in the
principai artesian aquifer is in contrast to a lcnver ratio (4.4) for
the same parameters in the upper artesian aquifer (State Water Control
Board, 1973). Fluoride concentratioirs are higher in the pri'ncipat"
aquifer than they are in the water tab'le and upper artesian aquifers;
values range from 0.07 ppm to 4.74 ppm with an average of about 2.00
(Health Department standards are approxirnately 'l .4 ppm, based on tempera-
turn correction). The fiuoride vaiues are s'light'ly higher (Plate 14)
in the eastern zone than further west, being 2 ppm to as much as 4.74
ppm.

Uple1. Jftesian Aqu,ife1. The upper artesian aquifer of the Northern
Neck@derateiy-softtypewhichissimiiartothe
upper artesian aquifer in St. Maroys County, Mary'land. l'{aior chemical
parameter values are iess than those of the water tab'le aquifer (Table 7).
Fluoride concentrations are genera'lly less than those of the principa'l
aquifer. The upper artesian aquifer is suitab1e for potable use through-
out the Northern Neck for moderate amounts of supply

lrlater Tabte Aquifer. Groundwater from the Calvert and Post-Miocene
forffitableaquiferisgenera.|jysatisfactoryfor
domestic use. Either hardness or the presence of high concentrations
of iron may make it locally unsatisfactory. Chlorides are generally
in the potable range except in local ized areas immediately adjacent
to brack'ish, surface water bodies.

4t



CHAPTER VI

GROUNDHATER DEVELOPMENT AND POTENIIAL

The water requirements for private, publ ic and industrial purposes
within the Northern Neck currentiy are being fulfilled by the abundantr
groundwater resources of the area. Several factors have contributed
io the preference of groundwater developnent, as opposed to the utili-
zation of surface-water resources. Some of these factors include:
(1 ) development and treafinent costs are approximate'ly three to five
times less for groundwater than for surface water, (2) the population
distribution throughout the area is such as to favor the dispersed
development of groundwater resources over construction of centralized_,
surface-water impoundments, and {3)'industries within the are?f'hi€' lo-
cated in a nural environment which lacks a centra'l water supply of
sufficient capacity to meet their needs.

Review of current data indicates that the potential for ground-
water development is very iarge and that groundwater should meet
adequateiy the needs of the area through the year 2020.

Groundwater Deve I opment

The most extensive groundwater development in the Northern Neck
has been in the principal aquifer system. Approximately 88% of the total
withdrawals are from this system. Although the groundwater in the Kil-
marnock-!{eems-Whitestone area and the Colonial Beach area probably has
been deve'loped more than any other area, groundwater in the Northern Neck
thus far has not been noticeabiy overdeveloped. The largest industrial
user is Zapata Haynie Corporatlon of Reedvi'lle, withdrawing 362,880 ga1-
'lons per day (gpd) (.|.374 X lOb iiters per day). Approximately 97.l ,000
gpd (3.675 X .|00 L/day) of groundwater are used by numerous industries,
including Zapata Haynie, and 944,000 gpd (3.675 X lOb L/day) by various
public water suppliers (IndustriallPublic Groundwater Use Survey). The
remaining population not on public systems also must obtain its drinking
water from we1ls of various depths. The total, estimated, usage-of
groundwater within the Northern Neck is 2,383,000 gpd (9.02 X]0b L/day)
(CPRC Five-State Groundwater Report). Much of the industrial use is
in the washing of seafood at local process'ing plants.

Private gone:!S-!gpglj$-. Domestic or private systems serve much
of t hern Neck. A sing'le-home dwelling corunon-'ly needs a well with a capacity of at least .|.5 to 6 gpm (5.6 to 22.7
L/min) to have a re'l'iable water supply. This is not difficult to ob-
tajn throughout the Coastal Plain.

Public Suppl'ies. As defined by the Virginia 0epartment of Health
and the Vifginia Sfate l.later Contro'l Board, a publ ic water supply
system is one which supplies water for hurnan drinking or dornestic
purposes to more than 25 peop'le or more than l5 connections. There are
at'least 30 of these systems throughout the Northern Neck, with with-
drawals totaliing approximately I MGD (3.785 X 

.|06 L/day). These
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systems vary from as'little as 2,500 gpd to over 100,000 gpd. One
of the most important, singie considerations is groundwater quality,
which is general]y very good, and subsequently treatment costs are
kept to a minfmum. The number of wells is easily tailored to water
needs.

Industrial Suppiies. Data taken from Virginia State !{ater CQn- \
troiffiethatthereareat1iast55industria1users
of groundwater in the Noqthern Neck, with lrithdrawals totalling approxi-
matily I MGD (a.res x 106 L/day). tnis is an average of te,0oo gbh
(68,130 L/day) per industry, or.a requirement of 25 gpm (95 L/min).

Gnoundwater Potential

The groundwater potential of an area is simply the ability'1tf'thaf'
area to yield groundwater. Sonre type and amount of groundwater almost
always can be obtained from some depth throughout the Coastal Plain
of V'irginia. Total groundwater usage in the Northern Neck is only
approximate'lyZ MGD (7.57 X lOb L/day). This amount is assumed to be
much less than the amount that conceivably could be used from wells
that,are deveioped now. In addition,an even larger amount could be
developed in the future.

ProblenF and Limitations

Many of the problems associated with groundwater are in some way
caused by man's use of, and influence on, the natural system. Movenpnt
of groundwater is relativeiy slow when compared to stream velocities.
Therefore, both contaminat'ion and cones of depression tend to be
loca'lized. Flowever, as the system is a fairly closed one, the effects
are quite long-term and difficult to corect,. once established.

Levels Decline. As discussed more extensively in Chapter V, the
overETTGEilTffils in the Northern Neck have dellinea sbmewhai in
recent years. No major cones of depression have developed in the
Northern Neck as they have in the other areas of the Coastal Plain.

Quality Probiems. The highly-mineralized content of the ground-
wateffisoutheasiernpartoftheNorthernNeck]imitsits
use (see chapter iv}. Brackish groundwater may be found in the upper
aquifers adjacent to brackfsh surface water bodies, especia"lly on
narrow peninsuias. Large well insta'llations in the low-mineralized
zone, within five miles or so of the highly m'ineralized zone, may tend
to cause the highly-mineralized water to migrate inland. No such
migration has been determined yet. Locations of observation wells to
adequately detect chloride movement in the future are discussed in
the following chapter.

Groundwater contamination refers to the introduction of a material
foreign to the native groundwater that tends to reduce the water's usa-bility. If the water is contaminated to the extent that it becomes
nonpotabje or unusabje, the groundwater is said to be po11uted. Sources
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of groundwater po'llution are many and varied. Those which may be
found within the Northern Neck are: septic tank systems, landfills,
promiscuous dumps r sewage'lagoons, industrial -waste lagoons, gasoline
storage tanks, certain agrfcultural activities, highway de-icing salts,
and irriEat'ion-waste disposa'l sites. No detectable grounfuater con-
tamination was observed in the limited number of wells randomly sam-
pled on the l'lorthern Neck. Most of these above mentioned sources \
primarily would contribute to the contamination of the water table
aquifer. As such, all domestic wells must be located at sufficient
distances from any possible pollution sources in order to protect them
from contanination. In a high density area, septic tank discharge may
be one of the major sources of groundwater recharge and thereby cause
pollution. High nitrates in the water could be indicative of this
type of problem. 

.-..-E_a..

Landfills or dumps are possib'le contributors of a variety of
contaminants. These contaminants could reach the groundwater by
surface water percolating through them and producing leachate. In
order for a sanitary landfill to avoid leaching, rainwater should
be encouraged to run off rather than percolate through the fill
material. Among the protective measures that can be taken are:
(1 ) appropriate-slope to the surfii", iZ) appropriate vegetative
cover, and (3) impermeab'le soil cover. In any event, sorne water most
likely wi]'l be absorbed by the landfill. In order to prevent surface
water pollut'ion, this liquid must not leach out, a very porous and
perrneable soil would favor this containment. However, in order to
prevent groundwater po]lution, this l'iquid must not be allowed to
reach an aguifer. An impenneabie iayer would inhibit aquifer pene-
tration. l,lith these two opposing requirements it can be seen that
the ideal soil conditions for a sanitary landfill wou'ld be difficu:lt
to find. Those idea'l conditions are: i c'lay for the cover, ffilily
feet of sand for the liquid to filter througi prior to reaching itre
water table aquifer and preferably a clay layer above the aquifer.
Another protect'ive method that has not yet been employed in the Nor-
thern Neck is to collect the leachate produced and treat it.

Spray irrigation waste-disposal sites present similar problems.
They require several feet of permeable soil in order to absorb thefiquid. Then additionally, in order to prevent the contaminants
from po]luting the groundwater, an impermeable layer is needed beneath
the permeabie layer. As can be gathered from this jnvolved description,
these'ideal conditions seldorn occur natura'11y. Unfortunately, for
those concerned with the location of sanitary landfills, or irrigation
waste disposal sites, these soil conditions are also ideal for septic
tank systems. rdhen these optimum conditions are found in the proximity
of substantial human populat'ion, the area usually'is zoned for resi-
dential construction. Thus, waste disposal sites are usualiy reiegated
to areas exhibiting iess-than-favorable conditions.
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Po'llution of groundwater by petroleum products is a yery serious
problem that is relatively cofrunon. Usually an occurrence is con.fined
to a small area and involves only one.or two wells. This problem
occurs primarily in the vicinity of gasoline service station facilities.
Gasoline-storage tanks are not permanent fixtures and must be replaced
periodically. , Slow leaks can go unnoticed at a service station until
a well becores polluted or cusiomers get water in the gasoline they \
purchase. The human threshold for the detection of gasoline can be as
iow as 0.005 ppm. An amount this srnali can render a water well unusa-ble. The clean-up of subsurface, petroleum spills is difficult, costly,
and often ineffective.

'- j.&*4.:
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATTONS

This report provides a generalized picture of the groundwater
resources of the i'lorthern Neck portion of the Virginia Coastal Plain.
The factors inf1uencing the groundwater's quality, occurrence, avail-
ability, potential and development have been discussed. l'lhen con-
sidering the water resources of the area! the close inter-re'lationship
between surface and groundwaters must be recognized. Sorrc water that
occurs on the surface eventualiy will become groundwater and vice-
versa. Surface water provides recharge to the groundwater and, during
periods of low surface water f'lows, groundwater supplenents nany sur-
face water streams .-...-F**..

Concl usions

Current data on file suggest that groundwater in the Northern
Neck can be developed more extensiveiy than it is at present. l,ihere
I or 2 wells are not sufficient to supply water needs, development
of a well field, uti'lizing several wel'ls, spaced at ?00-400 feet
(6.l-'l22rn) intervajs, should prov'ide an adequate water supply with a
minimum of surface land area requ'ired for treatment facilities.

Groundwater 'levels have declined somewhat in recent years, dl-
though no excessive cones of depression have developed. No industrial
or other re'latively large user is known to interfere with another user.
At present, man-made quality problems are not evident. However, the
potential for prob'lems exists at various industrial and other locations.
Natural quality problems do exist in the parameters of sodiun, fluorides,
and chlorides in the southeast. Heavy, future withdrawals in thfs area
may induce iniand migration of brackish water from the high-chloride
zone.

Recomnendati ons

In order to access accurately the effects of waste-disposa'l sites
on groundwater quality, monitoring we11s shou'ld be established at each
disposa'l site. This type of mon'itoring would not prevent a1l contami-
nation, but it would assist in containing the contamination, and keeping
it from becoming a 1arge, widespread, and dangerous problem. Data ob-
tained from the monitoring also would provide additional scientific
inforrnation pertaining to the re'lationship of water movement through
waste disposal sites. This information, in tr.rrn , further could assist
scientists and engineers in deve'lop'ing additional waste-disposa'l site
cri teria.

A much inore comprehensive and quantitative data base regarding
groundwater is needed throughout the Northern Neck peninsula. At
the present time, the elevations of the aquifers can be approximated
on'ly grossly due to the sparse data. l.lith further research these
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elevations could.be pinpointed more precisely. The most efficientnethod of obtaining this data is thrbugh the'use of scieniifi;;iTi-constructed, research stations. A staiion is needed beiween Falmlr
and hlhitestone in order to delineate the 250 pp*-inio"iJ"-ip"t.ii.
water) interface. 0ther areas where grorndouier qualitv-ajli
especr'alty !s deficient and where resiarch stations are-recotrnnendedarei Morattico-Downings,. Vil'lage-Luttrel lvil'le, Neenah. and ilaylors
{Plate 15). At arr oi irres. iii.il in" piioi-nore snourj ue iosseo
b1t as.many different techniques_as possible so as to accuratelypinpoint elevations of the aquifers'in the-a.ea. At all of these
:ilgt, a pump test, with observation welti, neeas to be pertJrmea onb?ll, !l,e princi pal 

_ 
and, upper artesi an aquiie.i. 

--rnis,-ii-.oniunction
with the-1ogs,.would allbw researchers to determine ttre 

-apality 
ancpotential of the aquifer. During the pump ieit a water sainple-shau.ld ,

be taken and chernically analyzedl After it'ei. initial stations arej:.t1:::',!!9v should be monitored for water tevet .na quiiiiy crranges.t'x'lsting data' and the data obtained from the reconnBnded obsirvatiinwells,.mil be used to construct a computer model to preoici-ouite,
level declines and to assess groundwaier availabiliti. --n-iomprehensive
and.continuous program of dati collection is necessai.y for modelverification.
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APPTNDIX A

SUMMARY OF I.IATER },IELL DATA FOR THE NORTHERN NECK

The computer printout on the following pages lists basic well

data for wells in the Northern Neck. This printout is updated fre-

quently to inc'tude information from new l,later l^Jell Completion Reports.
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APPENDIX B

SUI4MARY OF |/dELL POTENTiAL DATA FOR

THE NORTHERN NECK

Appendix B contains well potentia'l data

numbers can be cross-referenced to Appendix

Appendix B includes:

State Water Control Board Number .

O',lnef
Screen depth
Aqui fer
Diameter (il.) of well casing
Test yield (gpm)
Drawdown (ft. )
Specific capacity (gpm/ft)
Log type
Corrected specific capacity-corrected for
Duration of pump tests (hr)
Approximate transmi ssivity (gpd/ft)

the Northern Neck. Wel 1

The data listed in

-!--i#..

partial penetration
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APPENDIX C

GROUNOIdATER qUALITY DATA

Appendix C contains chemical quaiity data on the groundwater
in the Northern Neck. lieli numbers can be cross-referenced to.
Appendix A. The data listed in Appendix C includes:

State ldater Control Board Number
Orner and/or Location of the hlel l
Date Sampled
Oepth of the }{el I
Screen Oepths in r,{el'l
The follow'lng chemical constituents 'in milligrams per -Tiffi*1mg/t):

iron 1fe)
Ca] ci um ( Ca)
Magnes i um (t'tg )
Copper (Cu)
Lead ( Pu )
Manganese (Mn)
Zinc (Zn)
Sodium (Na)
Potass'ium { f )
Alkalinity
Sulfate (SOa)
F'l uori de ( F )
Chloride (C] )
Nitrite (Noz)
Ni trate ( tlO;1
Total Hardness
Total Sol ids
0'i sso I ved 5ol 'ids
Spec'i fi c Conductiv j ty
pH

T0c
siiica (sio2;

The data in Appendix C is a composite listing of water samples
taken by the State tJater Control Board and by other governmental
aqenci es .

c-1





rilvr3nolu
] IJ133d:

ttt

ul

x
o

ed6tFctrittoFdo4.'tao
rtl |a l.| rt !t rt t rt <? tn rt O O co

rll OOOO\gg1OOOOO6'O9!:9!qq9:i199:rn
uz

ul{
d{4{dldddoddd4oooooooooooooo
ooo(,oooooooooo

694
NNoooOr{.S-4;irn
o€ooooooo.rofl

qd
o

aJ -:dFi4(Ddd-dqdd6.t

666A6-A

n3 ofl

Zors N

ta

<t

o.l oo30coocflce60
dAl6.CaNd4o6atnO\O

301 F!trt€\oNNtt

30IUon]J
vC\OOOrdcl4o6€racoo

as|oN.r)olrtcfr(l6Nd

€ou
{1 rO
ngsl rl-di64QON

zoH :*": boo$
AA4

I

6

'os
rn

CONfrOFttt$<!
nr..ll'-rt{tada
n| 6I GI. (r| A N fl N

ss3NouvH
ccoccooooce('i{o
F(,G|€\l|C€(E\l|.\c|C060rH?NN

i0Ixo1H3 oo€oc<tooo(|oo.,|o
dfi|Jtir'1rttrtdtoFilOd

)tl I ru>
0311ossI0

€O\O
ool6\O

Ntallt\Crta
c|6€oqiodNrt!trttilrrn6n

(!
rt

5U I tU5'lvl01 19oFrtc!|6|€rtrqdo\O€Oro!€ao3ailO(n<tartlt6{utt'|rnc1\0

uIl,l 6rc$r|n
rt FlN rt!

!OO\OflF\Oal(.|n€oor-6€€cndro\tfr?Ft6ofr6

(sfl) Hd ItitFdd{i4oo('drn.[td
ddq;ddddddqiF:ddd;

ildal
H3:U3S NcrCI

^ac-i6fr€Nr

M01
u:J Inov <r{4<L:14

Stvc

r\O€\O\O.Jttjt{rn-€On€
rFFFC\TFTTTFFFT
\lrrrtrrtrttllNdd!trn:06€cBc|ac)F
iNOONdNN-C-d.,4

€dCOO;c€O-OC('3

l3vld
UO

/ONV

uiM,10

€

N
d*

c go s
: dis
!. ltl C

. .,Jl €+. eC !
' 'a !

N*
jl

3.i.Y

z,

L)J

L) l-z
z

ilf

tttl
d

Jlsl6S

uS6rinN i ;
I s3ilsl;
;l



33!tvt3fxlrg
3IJI33dS

o\.'
r'|

€o!tort6
cn(D€

dr
6|

t4.

lrl

x
fn A a o d o o ra'l Ft L1 6t F o o
tn € rrl \0 6r tp cl d 6 € 1, € r4t F4fli

eil OO(!d-.-:ANutO('.s,|.'rodororrtox('lN@or€<t4atdloql(lFida.\-4
o'ootq

uz

ul{ idlAa.nA.:.ljlNoo6ooooooobo
oooooooooo<lo

UI

6W
Flrr3ijoorcoco€dnn<rF
ddddi{d;d<t<jjd:

qd ;.ooxoo xootioo
d*oo

eJ F J---Erdre
Yo--ociooo-o6a6d

9(n.q9:

nl
oo

JAF
ooc;

JF)
oo

o
o

Zols Ng€O\Ot

fl('rtFfi
rtf,ltda

c!t
rt' 6l

*l eo;ioo€('cdFoo€"i.(\c|Nc|€(rtddott6l
O44d

301 ('tFfl

30IUonlJ
l.rgorlii6ol6iid;;iai
tto(\fiFaodorittn(\6N

€ox
6
cr
fl

(E=q59000q-tAodOc|c|OOtrO
dOOOC<,OOOOO

zoH NCo

?os
Oadul6duf
O rtt f\t AlEF

ss3MluvH
ooodoooo€ .oooo
'€rrt.ilgggg;,{d":

30lto]ril "l ,n1t:1"?19"': q:q
d-iqoAooNgeo.l

>ut ru)
031'r0ssr0

d€ro*
!t6

('ro

:u t ru)'lvl0L €,6l€6l dtOdF6

rtIlrIlyxl! <tr
\o

Foit
d(!dl{ofi

t3Sx.YN
otila6sO
oofieg

(svl) Hd
('i r,l irr € dr Ft F ltt ('t rt rt 

'| 
o

oc!(9€ro(06(!€(D@(D

Hl.d30
il33U3S 6€F4

ndsd\(t€tO\t
€(Drn{dr \O

nJ.g.:u']Vl0l (n€ u't

.6Yn-v-TG €

u3J Inbv .(
!(

44
4444,4a-t

31V0

=lteqNr5ttrttnrlt.lt\o\gfr
.,TTFFFFFFTTTf\FE!
;ltlltltlrttttt
;.lo66td6|Fd\ott<foog1
Y-4ffdcNc': A t A,l S.i .l' .1" & + + * & "!

l3v']d

UO

/0Nv

u3Nf.10

J
!

g o €oE -.{{t l- {rOi, g .a.a
3 e b>

t 9t a.14 :n € o Jtu 
= U: !.:

; i -"

l-'J>
2t,.rd*=r€{,|,!xll>

!Clq

€ H.- q I q
atoolo
€ o- aE C> = .- q
- =.- ! > 3
d .-: C !vL=jt

r
flil5

=
(Jr

4,k
z

III

6

II
I

Ii u3shinN

| €f i''ts
:4=da-l

L.J



$lrvtStxltu
3IJI33d1

ooodFl O trt
F(Jd€€|n

,tl'

s
lr,

)
it|J!o?ooH
4nF'nl:rt

r'|oF
!o€<t

eI 6€Nogorrldrrtaafrd
€\OO\!'60dN?

uz
d:F
Y

_=_______l_
IN

ul,l
Ad.tooo
dc;d

-/tjl<t!Aoooo€oo
oooocoo

6x
9rfinadN
AryA

-Oda'll
diicid

-rt\l|H": g
,iid

qd Ai)ooo
6

flAdoo€
.A

aJ H nl
-6-

f.€4 il ir i5 h 4 d d
' -.: .i ,i

n3
Fndadooooa
oooeo

rtiANrtc|O

zo ts
art{c
A€F
fl

o(o
(!(\

€6|€

€or(t
6

o.t
6

c'!\O
|nFo

rnoOAC'q
AAN'

€oFl
cq

301 I

l0IUonlj i:::-o\6rr\ofiitgu.lO(n@
N(\fl6lfl..d

tolr
('lrtlt

ooo
!tol*"hrtitoooodo
oooooo

doH tN
|rtfr-
ooY

6rhtlr.Cf,o. Oa

oos ?

t

\oN€F
(\t6lrt
.\lJld

d?
,;o

ssSNouvH
n

;Jri^rl.noo
or€FB.lG|{dR€61 €

30IU0''lH3
5t":Y':
ooao

Q99s,r{dnci6??
jrto
vFl

s0
03r

it(|5
10ssI0

ofrrrl ('t
ul{

5Ut tu5
]Vl0r

otocttt dr ottn<t!'

AlINTlYXlV 3E 33
dttNO

a€dlo
!?O€o
!t66!t

€6('!d
6q||!tr6ilOG

(st) Hd
{ F g 

-,n- 
a F F € tn F

(oF{t€oooo€co

Htd30
!l33U3S

rtt

'tl ttl 'r'fl O Or
CrrjlulF1
€tnlnr€

'n€
\g rg

NIqJU
rvr0l $E F $*93 F; gF

U3JINOV ;i if 5F4<d<1a5.-lta

itvo

F!6.B€?€4
rFFbrr-rrFFS
tltltlllllll.iNr.a\t4i;r(,rNilt:
ordtleaodfl<1 c
Al..:.i$.r,tA.t**i(:bd€CoOOd6Oa

33V]d

u0

/ONV

l3Ntt0

o
Jtc!: e r I g 2 rp:lAo'oa s E - i d i3 o *3 ; ;$ g 3f € i " 

ai i ?,= !t : ;T g * '. 22 " 3! fr !; E .. ; ; 3 !- 3 :3 3 5! ! it !' ! i .1 5 .q qd ! 5
=,1 U=3OiUi

u3€rinN
g3l,1S

--<--C6,9finnro.9€\o€
ttllllll

4
66646dru16
tAdAdd

'9F€t?q
tll

66'lt

z
OH
L)J

ttE
qJ t-z,5Ez,



$ilvt3n0ln
3rJn3d:

o
(!

I

:

ll,.

kr

) Cr

ell 6yon.NROtjr

uz

ull
tll
ooo
oeo

flo
o

6tt c,Fto
ndN

\glfrgl

qd o

eJ 6n4.':.d
i:-:-'j

n3 €o

zors 6t(D

rl
d€€

30r )an|

t0Iuofi]J
ro11:.: .: : : o

'.toOc.<J

€oN

Idr!|'l
ffo\to('l
Nodot'

ZoH

?os
rtl

ss3NouvH
oo€Qo
€€d('n o6

til iu01H3 rJto: or-:a
OaN

5U t ru>
03A"r0sst€

€?A
d€-
dad

>ul tu>
rvl0r

oc0or
N rO ral
4!t

^IIill
dFF
arato-oart rt

(w1) Hd
Ffgiarno
(!A\O€€

Htd30
r{l3uts ito

?€€
nJ'o:u'rvr0t 4r\,

uir Inov
4<
t3.2

3tvq

rtrrrrr
trtil €oo

-AtlttlFA€6O
odooS

33V1d

t0

/0Nv

U:NI,IO

I

.t
-?-
.:oEtoo

=E {J a } C',on oc l€ E!.< ca o d !
6q hg: ,-:3
!J j ! . J
ed E > O . !
i3 -(' >6
== {3 ' :r'-37I r. o z

ii u:Et{nil
| $,tts
I

cNorFr
rll

nnn

r
I

z,
OH

F=
r,rt Cr
t4=

z
z.



$ilvrlfltlll
] I J I33d:

ta
d6

otrt

LJ

x
o\o\ododltt10eF!fi\O(oe; ; ; "i 4 d i :;_; ;; { i

e{ a o .O O 6 O {,r 'di-46€Nut\o6ddod{e68s
dd

€o
uz

NF
^A

ull
,l_ilr

d a 4 d d A ,l 4 ,a 4 d d a 4 4
ciooocta$qq?q?q?9
ddc;dcjcj<idoooooo€

6n 1 I q 1, q i 3 ":1 ": ": i: l:
ooooc;d<tricooooorn

qd o

eJ "! a. R A -t A A A 3 d.i. + * i K
c'YY;;c;Jjididdd

nl
o

IRr..i.

I

oo

zo ts N
d\0
(\|F
44

€

t't oo,noooo8ooooo'a
il-.\.,q.\oFtaiFlAd6lR

10r €rtr'l!t N

lgluon'1J
ffi-R6NBat1ilj .i d d j j:; J d "i d ''i d c;

Eolt
oa€.qlcaNv\F'r|qlN'.:':cddFrooor

-ooolooo'{
il

ZoH oo;dq\

F66-

oos ooaa
ddJsr
6N(\

I
ltt

\0

il

ssSN0uvH
lq??oq<?Nd.iJf;

t<,aOo'o,itO
NA€;^N

3 rt

i0 Iu01H3
o?tno
.,i : ni ,.i

ooOr'tOOo
d.iJd{i"i!o

5g ttu5
03l10ssI0 t

69rrl€!NN
='ii-€u1tntltFtNili-3<tn<t1

5Ul lu5'1Vt0l il $ s e 3 EE'*
tlINI'lyr]V rit(!cl\OFilg16@dr(\r€

Ott$t{6o
NdOrttFAOe
r\ait\OF\OFn
iYFourncld

(sv't) Hd
NddO

€o(D€
tt,rrt€{\rtltt.tAur
C!6€F€€€€€

6l.t
(D

Hld30
r,,33U3S

N(D€Oo3srF\9€
rO

6€
t!r

c\.||Jl €q\o
€Fect?3itt6€

\o€€:0
ftJ.o.:u

lvrot
oaNO
FS36666

U3JINOV
44ad4*
liBi

4
$ 444

3rvo

s s FFFFSSFSFf +++i * **i*sit*iil++g g i*iggsi*i**sg
3lvld
u0

/ONV

u3 Nl10

i,r

-C aA*a^
9.- Vo>.-.{ n
a4

ot--|Jl 2
l€

46 I
€954 $)

; 5 rrE ; r.t a !6 q or d € g Y4 .! du o '' 
J !-e o o o n b s t :g qr ,-rt,lro-r.c . el; - 

= I -i '=2
ea r o a ,) 4 i;,i ;.;> n >r-: t r o {.E a'l:l n E' 3 i 6 f - :

Fz,a
€
CJF

1

llr e,

=F=trdGz.
zo



:Dlrv$ncNl
I IJ t33d:

o€

,tt'

lrl

x 6OAArrtS€OAia
6

Ell coil€oolnorooltd:aF(\c|ltodltai4-
uz !?

14{
lddd.aa4adad<'ooo€ocooe
€ooooooooo

6n I q: i a 3 <^ q q ?
oorncd.jjjc;rt

a\

qd

aJ E q: iE1EUN1"1 6
-l

n3 r'l

Zors
!tt\|

E3 rF rtt
ooo
4€d{

6FOO<to
9A

<td-
JUI rt?o|q!t

3CIXonlj
\0€!t\oFr/i€l6€ttF(DQln€€rtosr-

(\(\.odaoA.\tnO('<)

EoH
I

|ao(n
Oa

I
u]

tl|n(!tn

ooo
o

aoH rn ,L60uO
.;d dd6

tos 1!|()

Od

ss3Notvti
o
q'i
!tI

rl

ooooooC\O
N\9at6tflcl(\|atf\rt)fiit\

30IX0'rH3 :r'/t':oo::ooigi;g:;;
>u I iu)

03r\10ssI0
€ilrflgrgtil F€drO(!'n€dON{otgcltfi4

xJl lu>']Vt01
oF.NFatol€oF|JrF{D(nOO€€(\ON{drlt<trtd4

AI,INIllDI'iV !OFdtd6ic|teo6r€\Oo<tNdttftulAilS6OtnNilFt

(svr) Hd
rg9rardv!?Fi-€|
(!o€(!€€€(D€€0€

Hld:0
H33U3S

oroeo€foaNrofr
NFN'FF

€Qotno!?N€rJ\
d!69\Ogrdrtl|€(lilF-rI,('F

IrJ.g:u
1VIC1

nsggoQqqa
OaoNraqNifi
\ofiF<trf\6<f

U]J iNCV 3
44441<44<4448{d<i-3.3t!.=40.3

:lHn

<tnA€,'o€€o€O€!O
TFTFTFFFFTFF
lrttrlttttll16!o€dofr€oo'.o|di

NN4dililN-flN1N
rttttttttttl

olcrild€iD(DNaaoNq
ocdac.oodSoAo

33V'1d

t0

/0riv

u3Nl,10

,5E
llnEF{,|.c€lrgt

.{O<4q$!aa , 2 , 4 - €@, E (,,l c at i ,r G!d g (t E €ou . :, 3 I o o oc <.i d r: c, D o
O 3! I (t (, {! C a - .-d
! O= . { a - O ! 

= 
.* {, : JC dO el L d 3 - n Crq, t5 .! aC q, !C ri O 3. t t Q<

? -ct jqu q 
'q .9 j-. n jq 2 =

U:gHNN
c']MC

N-63tn.or-l

a$ $ ,i,i,r-5i $,i I\o€€€\c|€\O€\O€iadd 
I

F<z,
)-1

4a

=E=kF=
E,=
z6



3lilv$n0!{I
3 IJ T33d:

vr.

tll

x

uT-F- rt F s € \c n
airrrr{{al'rctn?q€rt?(lt dd

cll oo€|n rtrto€
r.t 6| l'l

ild
raadF
Fflrtrtad4

Fe6(\a 0 (il
fl_

ln

uz

ull
mlt. l-1.!ll
dAaiAdd4{ddda4dciocic:ooooooooo
;qtdddddd<iddctdc;

6fl
d.r6q:ii
dd6in€d

rlt<toGtf|JtdA
\oOOOO-OO

qd
A
o

eJ a-.-
66Lo-Y

nt
I

o

I

6

Zors

sl ooooooooooooo^ .o
N!\.|(\|6lrtdAaNtto'n-: n14co

301 tlg)iilnOl€.|ljt 66a(\trttl€rt

tglutrt'u r€d(tN6\ot!(!!einNfo|rdat'rtc}Fito€Or€
dd{doAOOO

€on
tlrtttllllll-lrr ln |'} ln |'| Itt |n € e |'l ul tl tn !lcicicicicig-ooooooc
oooeoooooooooc

zoH ei*
dc;d

1-d:{(}o-. - ttl€oa

'os
il6

F(D

ssSNouvrl
oooooo.q9o€=q???
Sdd.iqtg.'i ;;isflgfi

xt tuolHl ::::::i::::::;:
)UI IU:

03,1'l0SSI0
narr
flNftfl

o6rtc}dr6tl!<trtoA
Nf,OCtAfi

xlt ru)
lvlor

€rfl6\9tn
flfi4

0!tit l'|
t/' rO 6. F
.o{dg
fld6N

(t

ILINI']!lXlV daFdoalg€ql(nd?iF€rco6ith-ortorarn
(\|fl6|ilOlflT\(i|flAG'A6.d

(svl) Hd
o€€crodn
FC0Ftto€o

r'ro('|€odn
coFFFO6€

Hrd30
il33U3S

o|rt€
fldN
N€fl

ultt€ro\o
6aF
Oo!
F€

O{d€\ooN-CONN\O\o
€gr
!t{6€

nlq:u'rvr0r 5----E-oroc.;lt
FF$S9-@NN

ulJ Inov ii iI 3i33,<
44€

?tltn

PFFSFPFF FSFS'SFS&L$A*eA$ iA.r&j,i,.i
;NNao;idd04sJ,.l.*t.:.$&&*$+6+*aod-od--oo€oood

:1H''i,{

OU

/GNV

u3Nli,o

uSgl.iflil
01f{ c

'On
|t, 7
8qoo
!!r
t?

tl
.15rFT

9P
.:!.;!!

35i;Ei53S
3 l:t I ; b I ; : ;J r> r t ! I = 

n u,'! <; 2 8 r d :: !.. -: ci = 3 ! = 2 1..i -= : ! : X 
= 

i:^j g" 8 ; e s 2 4 j'

is iAARiRi
-1 

q

F

Zl-

(J

a
E r4J

(-)
H=e.o z

c-8



:.JIIVIJIAJI!Ur
tIJ133dl

Js

x

eil

uz

lun

ol{

gd

al '-

n.1

zors

sl

30t 41,ltttl dd d A 61 4 fl
g€

30tuon]J cr € F E 6 -!t F (tr F N I6 (l € ? F |'t ttfl \O 6 ql d .o

,:1- € € 6l rt a{ d a c {rr o art d

tor
rtttlr€O |n A N u! o. rA trr N tjt |o tt utd - I - € d c|€' 6a O O - o

o e a € o o oo o € o e o
dor,l oo

oos

ss3ilo{vH
o € oo o o o o
'9 a €\O .o f !t .|adAad

o
o

$ruorH3  o e q, o o : oo o € o o.-:
fl 4 d (\ Ft i flN a d d a

>ut ru)
03^10ssICI

gr
N

I 59 € r a A(n \oF ut 6 (D c|il Nd a\ a ri gR4
g<t

rtotl6n{
J,lt ru5

lvl0l 6r
drt€€ rJlO (! F

6 \OF |o |')il 6|at N -

\tl
rt

{!r|1oaF!.rt
6FIN

AlINIltfx'lV (\
rt€6tc itl tn€€ € €

44 d 6l

ut('r'n€Od
€o cl{ U'l

(wr) Hd
a'_€'--_-o_----6--6!__-F-_-__--G
.i FF CO € F F F

CrdFoF
€FqtF

r{ldgt
il3t83S

flao€r{ryoooo6\O€

€
fl

loN<tooc6ir€6O
ilf,6lr19\o

'ivror
fl6

F Ul 6 ---6
€Ttrtn(\r't.3

u3i rnov 4<1c ,4
4{4d

3tvCI

F € !- o \C \o \.o€ € .c \o o €r F F r r F $- r r r F r
lllllltllltlltJ] € ql € :c ol ar$ a\ t 6 € tO N A N N 6. cln - N N fl N
tllllltrlttlle o\ 9 .r '' ct dr6r 6 o\ o 5 o

t3vld
u0

/0Nv

ulNl'10

3;.!+A!o.!aEtna0cg-a
€5€a=+i

Er:!€C!!l.a€a> : l. O ! ! € - n C s u !!C O!3 OC 1, { ) r: r o: i-! td q t t h: = 
.- C :i L f C ?O {JQ uQ= si t . f i't > rj 

=ia:q €44 €i! O C h !3 € €! -x ?a ! q : ! 
= 

l- - = : C c ! € 't .
:i _99 J€< u tr a .- c= ! != ajrJC Un .t:O o < C t t - i J, =o

ulSr'lnN
83r'1S

:3--6rS€a:rOt
rd-n{fqs

€ltttttlrltgr'.9.9.t.O€€'c\g\C\gg\dlad.ct51.rdtt6

z,

=--
6dz,=
1oHfrEE6Er+l Z,
== e

CE

L-Y



lSilvtSfx]rG
llJI33dl

vr'

t*,

x
At rr! nt dr

tjt !t al r'| 1

til €
qatco
dda€

116
FFN
Ad

uz !n

ul{
I.!, ) sl

ooa

I
-dd

€oc
6ll nt

rO

olr{t € .'t
+tfia

r
r|.|\o
aaO

qd
I

aJ ftt 4

oo
AflA

n3
aFt
ooN
oo€

zors

e3 rt
('o
<t()N

o
|\I.\fl

t0r €ortrt9FiloAlRrrlat

30IU0n1J
OfraOCo(3f\tr -- ol---E -E -- 6 F

t\rt|nO6\9FrFlo€ tl
6(\N.\T.dc)c}('OA

€ou
;rq"': q
e'cto

lllllllt!tn @ rat ra,t ttl |J| F 6 ll! lt! toooooooooooo
ooooooooooo

zoH -:. Aqq
ao

.L;oo
AA

dd

?os

ss3N0uvH €a€
o6fi

oSooooooooo
\O€€€ONOflorrtO6NqqFrtr

30IUo1H3 d€d
:oooooooooo-.
d6l.\d!tNldd6N

:ut ru>
0ri10ssI0

dr€dal6l{(tcad
gf g: H oS3;
6n60-ddR

>gl ru)
]Vr0t

('la-
flffdfr4N

flr€eilronacR
{rJt€ac:d|,|\o$l?66f,6lFNflNN

ItIt{I'lvx !t€rt
frffN
Nd

odlrttr'to€srotrt(s(EdiNoc|FF\Or
flN6RN?Ndd44

(wr) xd \.lF

tt
(!

F('tCOd€t?!t€d('rA
FFF(BF€F(D€F€

Hlds
|r33X3S

fl?6\0
dN

€-
\Ool

d

<t(!F
{(\d
F|\O

flrtfl
fltn€(\al

Ate
g-N

og

nlg:u'rvroI oloNqfl{)
a€

61'lNa€Fi:dor

83J Inov
!.344**d

4

lrvo

FSFi:FiX;FXX;iFr
ttltttrllllll-Lr€-oni,Ei6-s€€f€fl&i;6N;.iN-il-'ndll
trrtrrrltlll! Li,n d + 6 i Ci a .it 5l @ N ar e 5tddao-;6-6--

l3v'1d

UO

/0Nv

ulNl,l0

ttr -l* ; i i A ? i. ig fi e n Z € -
I "6 ; ! d ? i >
3 o> .. d " = i.. E- 3$: gg E { i r? si 9E io-I an a z = q; :! oc itsi Ii s a 4 5" ,38 2a 5

a

E

:

u3gHnN
8-ll{s

N{I'F
-rodnt-O()A
'n(t,n€€€gr* * * * *** 6 6 E

4d*d4ddd

l.
=,o
=XF

=g
=&
==G=
53



:nilvlj}ffll.fi
]IJ113d:

LJ

x
ad€

AN6

sll oorort
tt?

uN 1{d

Dll
90

\oqe
6(f6

qd

aJ drtd
Glto

n3

zols

e3
-1-.6
F€
di4

t0r n.a€

l0IuonlJ :;i
tdtlt

dLl
fJ'} g1 t

€or
!'t tji dr

oo('
<t gl

14e

ZoH

6

do

?os

ssSMluvll
ooo.€\O

d.{

o'oo
6to!t
FFt'

30 iuolHl o6('
{4il

6<30
4dfl

3qI lu)
03A'rossI0

(D t\
ot 6\

ttr,tfl00
dOFFF|{\fifl

t{J I tu:
lvl0t €o!6aFr\dl

Naitn
rt,|n6|
d60
.\r\| 6

AIINIl\DI Fn{
O'tFiAal

6d.,r
!t61|.l
-dil

(sv]) l$ odo
€OF

(Di.O
F€(!

Htd30
il33U3S

9.\tFao
floo6a<t

\0F(tco
OTNFc|afiilN

N

f,+gJu
tvtoI

O€Fil./'F
t6q3t{n6NfiFsa\o

tlJ Incv cd

31V0

I

I

r€F€€r\O
FFFFTFF
llttttl6\96\0\gcl.o
lltlltl?(!5N.\A.{

O-OrOO

l3v'1d

UO

/cNv

!3N1,!0

u3${nN
s:fis

hdo6DddJt
4€O€I : 9 > :-' ?P
A t I t: ! €3i!1Ergdr.!
; = E= A C O:3q3

€ -! C fl -O>6 - ,t= C .4 d:1.4 C -= ! - rr ! s
3a!(J!id!:,3 L { i 2 .t=t
.t<:J3
q6€rrcl

N6
lttrtt\t€€€cO

t\!1 .no(hJ1
/d4

-
=
=LJL

=

=kr=Yla
.s=

(.9



APPENDIX D

GRAPHS OF TRANSMISSIBILITY J

Appendix D contains semilog plots of time versus water levels of

twe'lve wells iocated in the Northern Neck. l,le'll numbers can be closs-

referenced to Appendix A.
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APPENDIX F

SEOPHYSICAL CROSS-SECTIONS 
;

Appendix F consists of a series of four interconnected geophysical

cross-sections. These are drawn from a combination of electric and \
garma logs of various weils located in the Northern Neck. The location

of the wells and of the'tines of cross-section is plotted on the following

map. Well numbers can be cross-referenced to Appendix A. The logs in

Appendix F were run by the State hlater Control Board, the U._S.*$gg]ogjcal

Survey and dri '11 ing contractors .
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GLOSSARY

AQUICLU0E A fonnation of relatively low pernreabi'lity
that overlies or underlies an artesian
aquifer and confines water in the aquifer

;:t:i lli'iHi;,,,l: ::*lH'l;':*.:" * \
a

AQUIFER A water-bearing forma-tion' grouP of fgya-
tions, or part-of a formation that will' 
;ilii'gioundwater tn useiuj-qu.niiti*t.

AQUIFER SYSTEM A group of inter-related aquifers.

AQUiTARD A formation that partially restricit--'. -'

groundwater flolrr, It contains water,
. transnits it slowly, but will not yield

water to a well.

ARTESIAN AQUIFER A confined aquifer in which groundwater
rises in a weil above the point at which
it is found in the aquifer.

ARTESIAN WELL A well in which the water rises under
artesian pressure above the top of the
aquifer (the well penetrates), but does
not necessarily reach the land surface.

AUT0CHTHON0US A tenn applied to rocks of which the
dominant constituents have been formed
in the natural or original position as
opposed to prior to erosion and disposi
tion.

BEDR0CK Any solid.rocks exposed at the surface
or overlain by unconsolidated materials.

BICARBONATES (Metal + Can raise the pH to a high concentration
HC03 e.g. Na HC03) which may be corosive.

'a

CAPILLARY FRINGE The zone of partia'l or complete saturation

..a *liEi'l{ f;3?l"lnini'lii.'3il:.:''o}n"n
capi 1 I arity.

CHL0RIDES (Cl-) Are indicative of concentrations of
salt water concentrations above 250
mi'lligrams per liter (mg/'l ) are detectable
by taste.



CLASTIC ROCK

CONE OF.DEPRESSION

CONFINED HATER

CONFINING BED

CONSOLIDATED

cRoss-sEcTIofl

DIAT0I'IACE0US EARTH

DISSOLVED SOLIDS

DMII,DOI.JN

EVAPOTRANSPORATION

A consolidated sedimentary rock composed
of broken fragments that are derived frcm
pre-existing rocks, €.g. sandstoflBr cor-
glomerate, or shale, etc.

A conelike depression of water table or \
of the peizometric surface that is cieated
in the vicinity of a well by pumping. The
surface area included in the cone is known
as the area of influence of the well.

l{ater under artesian pressure. Water that
is not confined is said to be under water
tabi e condi ti ons -- -F--.-

A bed which overlies or underlies an aquifer
and which, because of low permeability
relative to the aquifer, prevents or im-
pedes upward or downward Joss sf water and
pressure. An aquicl ude.

A rock that is firm and rigid in nature
due to the natural interlocking and/or
cementation of its mineral grain components.
The reverse is unconsolidated.

A diagram or drawing that shows features
transected by a given planei e.g. geologic
feature'such as geologic structure.

An easily crumbled, earthy deposit con-
sisting essentially of the shells of the
m'icroscopic plants called diatoms.

Geheral ly noticeable in concentrations
greater than 500 mg/].

The depression or decline of water level
'in a pumped weli or' in nearby wells caused
by pumping. It is the vertical distance
between the static and the pumping levels of
the wel 1 s.

The process by which surface water, soi'ls
and plants reiease water vapor to the atmos-
phere.

The rock record of different sedimentary
environments as distinguished by both
physical and organic characters, often
iateral subdivisions.

I
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FLOWING !'IELL

FLUVIAL-DELTAIC

FOR}IATION

GLAUCO}IITE

GREENSAND

GROUNDIilATER

HARDNESS

HYDRAULIC GRADIENT

HYDROGEOLOGY

HYDROLOGY

IGNEOUS ROCKS
(Basement Rock)

IMPERI'IEABLE

INDURATED

iNFILTRATION

INTERSTICES

A well having sufficient artesian pressure
head to discharge water above the land
surface.

Pertaining to rivers, streamsn ponds' or
river deltas \
A unit of geologic mapping consistini of
some one kind of rock material. Also a

unit having lateral or vertical continuity.

A green mineral, closeiy related to the
miias and essentially a hydrous potassium
iron silicate. Cormonly occurs in sediments
of nnri ne origi n. .ri''Frs':

A sand rich in glauconite grains.

ldater beneath iand surface in the zone of
saturation and below the water table.

Quality of water that prevents lathering
because of calcium and magnesium salts
which fonn insoluble soaps.

The gradient or slope of the water table
of piezometric surface, in the direction
of the greatest slope generally expressed
in feet per m'i'le.

The science of the natura'l 'laws that
control occurrence and movement of /
groundwater. Geology as affected by
hydrol ogy.

The science that relates to water movements
and physica'l characteristics.

Rocks fonned by the cooling and crystalliza-
tion of molten or partly molten matenial.

Having a texture which does not a'llow
percept'ible movement of water through
rock.

Rendered hard.

The flow of water through the soil surface
into the ground

The open'ing or pore spaces in a soil or
rock formation. In an aquifer' they are
filled with water,



LITHOLOGY

METAI€RPHIC ROCKS

NITRATES (N0:)

NOI'IFL$IING ARTES IAI'I h|ELL

PALEONTOLOGY

PERCOLATION

PERI4EABILiTY

PIEZO},IETRIC SURFACE

POROSITY

PUBLIC SUPPLY

PTJMPING LEVEL

RECHARGE

The'large scale physical characteristics
of rocks/sediments. ..

Rocks altered from pre-existing rocks
by changes in tenperaturet pressure, and
chemical environment.

A salt or ester of nitrous acid (concentra-
tions greater than 45 parts per million
(ppm) can be toxic).

An artesian well in which the head is not
sufficient to raise water to the land
surface at the well site. .+-F.r,,.;

The negative logarithm of the Hydrogen
Ion activity--measured 1 through 14 with
7 being neutral, 1 being indicative of
highest acidity and 14 indicative of
highest alkalinity.

The study of fossil animal and plant
renains (to determine past environments).

Movement under hydrostatic pressure of
water through the interstices of rocks
or soiis, except movement through large
openings such as solution channels.

The ability of a rock to transmit water
per unit of cross-section.

An imaginary surface that everywhere
coincides with the hydrostatic head
of water in an artesian aquifer.

The ratio of the volume of the openings
in a rock to the total volume of the rock.

As defined by the Virginia Department of
Hea'lth, a water system serg'ing 25 indi-
viduals or more than 15 residentiai con-
nections.

Depth to water in a well when the well is
being pumped.

The addition of water to an aquifer by
natural infiltration or artificial means.
Injection of water into an aquifer through
wel'ls is one form of artificial recharge.

The residua'l drawdown after pumping has
stopped.

:
tl

pH

a
t.

RECOVERY



it

RUNOFF

SALTI.JATER INTRUSION

SEOIMENT

SEDIMENTARY ROCKS

STATIC I'IATER LEVEL

STRATI€MPHY

STOMGE COIFFlCIENT

TERRACE DEPO5ITS

TOPOCRAPHY

TRANSMISSIVITY

UNCONFINED AQUIFER

That part of precipitation that flows in
surface streams. Groundwater recharge
is that part of runoff which has existed
as groundwater since its last precipitation.

The phenom€non occurring when a body of
saltlvater, because of its greater density' \
invades a body of freshwater. This may

be caused by a loss of Pressure in a
freshwater aquifer

Material borne and deposited by water.

Usually stratified formations consisting
of products of weathering by action-ef,*"
water, wind, ice, €tc.

The level of water in a non-pumping or
non-f'lowing well.

The relationship of the format'ion compo-
sition, sequence and correlation of
layered roiks or sediments.

Voiume of water contained in an aquifer
which is related to porosity. Expressed
as an absolute vaiue normallY from
0,00001 to 0.002 for artesian aquifers
and from 0.02 to 0.35 for water table
condi tions .

Deposits of alluvium (sand, gravel ' cobble
or clay) which occurs along the rnargin
and above the level of a body of water'
marking a forner water level.

The relief and form of a land surface.

The capacity of an aquifer to transrnit
water in gallons per unit of time per
section I foot wide by aquifer thickness.
Expressed as gallons per day per foot
(gpd/ft) normally rang'ing from 1000 to
t,000,000 gpd/ft.

Water not under artesian pressure. Generally
appl'ied to denote water below the water
tabl e

A sediment that is loosely arranged or
unstratif ied, or whose partic'les are not
cemented together.

UNCONSOL IDATED



WATER TABLE

I,'ATER.TABLE AQUIFER

I.IATER I{ELL

ZONE OF AERATION

ZONE OF SATURATION

The upper, unconfined surface of the zone
of saturation. The surface in water table
aquifer at i{hich the water level stands.

An aquifer which is not confined above,
in which the water level in a well indi-
cates the water table \
An artificial excavation (pit, hole, tunnel )
general'ly cylindrical in form and often
walled in, sunk (drilled, dug, driver,
bored, Jetted) into the ground to such a
depth as to penetrate water-yielding
rock and to allow water to flow or to be
pumped to the surface '--'<-*''

The zone in which the open spaces in soil
or in a rock formation contain air and water.

The zone in which the open spaces in the
rocks are completely filled with water.
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